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RECENT have empha- 
sized the value of outlining the splen- 
ic and portal veins radiologically by 
percutaneous injection of radiopaque 
material into the spleen. This pro- 
cedure has the advantage of defining 
types and degrees of portal hyperten- 
sion before laparotomy. Splenic portog- 
raphy is specially valuable in Puerto 
Rico, where schistosomiasis ( Manson ) 
of the liver leads often to portal hyper- 
tension", with the development of huge 
splenic enlargement and_ esophageal 
varices. As these patients may show 
marked portal hypertension with mild 
to moderate impairment of liver func- 
tion, they are ideally suited for shunt 
surgery. We have found that in these 
cases, splenic portography is a rela- 
tively simple procedure and one which 
yields valuable information. At pres- 


ent, this method is being routinely em- 
ployed in all subjects with portal hy- 
pertension who are to undergo surgery 
at the Bayamon District Hospital, 
Bayamon, Puerto Rico. 


Technique: After previously performing an 
intravenous test to exclude sensitivity to 
iodopyracet® (Diodrast) the injection _ site 
was infiltrated with 1% tetracaine hydro- 
chloride to the peritoneal surface. No seda- 
tion or analgesic was given to the patient. 
When splenomegaly was present, the radio- 
paque material was injected into the spleen 
with a 3-inch, 18-gauge needle at the an- 
terior axillary line below the costal margin 
in the left upper quadrant. The patient was 
instructed to hold his breath and the long 
needle was thrust cephalad and medially at an 
approximately 45° angle from the entrance 
site. If the spleen was only slightly enlarged, 
the Diodrast was injected by puncturing the 
spleen through the left ninth intercostal space 
in the midaxillary line. As the needle was 
pushed through the skin, usually a firm re- 


*We are indebted to Dr. H. Scribner, Winthrop-Stearns, Inc., for providing part of the 


Diodrast used in this study. 


} 
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sistance was felt to indicate penetration of 
tl spleen. Efforts were then made to aspi 
te bl | through the needle into a 30-ml 
syringe which contains 20 to 30 ml. of Dio- 
irast (0) entration As experience was 
btained, | was only infrequently aspi 
rated. The absence of blood does not indicate 
unst spk nic puncture. The con 
trast ed IS injected rapidly, usually 
requiring 3 to 5 seconds. As the last 5 ml 
t Diodr injected, an anterior posterior 
s tak with the routine Roentgen tech 
ue fol in film of the abdomen 
TABLE 1 RESULTS OF 
{rera 
Nor ) 0.65 
z. without portal } 9 
Bill 10 
B ei l 
Por 14 
6. Extra obstruction ] 1.2 
ort ein ti rombosis 
Results. lwenty-eight successful 


splenoportograms have been done in 
SOF 
in 


). Successful studies 
of 
two had repeated procedures post- 


ly 


35 proc edures 


were available 30 patients 


operative Three cases of initial fail- 
ures had successful punctures subse- 
quently. In 4 patients no visualization 
was obtained. Two patients with nor- 
mal-sized spleen, 4 with splenomegaly 
but without portal hypertension, and 
20 with splenomegaly and portal hy- 
evaluated this 
procedure. The diagnosis of the respec- 


pertension were by 
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tive groups are tabulated in Table | 


NORMAL VENOGRAPHY. In the patients 


examined without portal hypertension, 
the radiopaque material promptly 
leaves the spleen with visualization of 
the splenic and portal veins and thi 
intrahepatic branches. The splenic vein 
smooth outline 


characteristically has a 


(Fig. 1). In these 6 Pp itients the splenic 


vein had a diameter of 0.6 cm. to 0.8 

SPLENOPORTOGRAPHY 

Ger 

0.5 Spleni ind port aly thsm 
Intrahepatic brat well 
Collateral vesse en 

Splenic vein elongate t of me 
ber Portal somewhat cle 
Intrahepatic bran well lize 
Collateral vessels not seen 

Splenic and portal dilate tor 
tuous. Varices seen in two cases, coron 
vein in one, other collaterals im twe 
Intrahepatic bran wot se 

2 Very similar to Varices seet 
Veins dilated and t t 

1.9 Splenic and portal ns not a j ed as 
in 3and 4. Esophagus varices “ 
in two cases Intrahepatic branches 
poorly visualized 

Not Splenic vein slightly wider than 

visual- portal vein not alized Esophageal 

ized varices seen. A lary mental ssed 
the abdomen and connected the spleni 
vein, through collateral branches the 
inferior vena cava 

cm., while the portal vein ranged from 

1.0 to 1.5 cm. No collateral branches 


filling of the 
\ 


residual amount of radiopaque material 


from the splenic vein or 


mesenteric veins were visualized 
remains in the spleen, clearing gradu 
ally in 6 to 12 hours 

PORT Al HYPERTENSION set 
2). Injection shows splenic and portal 
than those of 
hypertension The 
splenic vein is more tortuous in its 


Fig. 


veins which are wider 


patients without 
course, and the hepatic veln tributaries 
do not visualize completely. The in- 


if 
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complete filling of the venous radicles 
in the liver probably indicates obstruc- 
tion to the rate of portal blood flow. 

ollateral tributary veins often are 
visualized. In 6 patients among the 22 
studied with portal hypertension, col- 
lateral veins consistent with esophageal 
varices were demonstrated. Esophageal 


ence of varices, although the barium 
swallow film was normal. 
EXTRAHEPATIC OBSTRUCTION, This pro- 
cedure was helpful in understanding 
extrahepatic portal hypertension. Nor- 
mal liver function tests associated with 
splenomegaly and esophageal varices 
are frequently observed in patients with 


| Li ial. Left, a 15-year-old patient with schistosomiasis and he ‘patomegaly, but with- 
ut spl nome ily or esophage al varices. Sple nic veno aphy shows splenic and portal velns 
f normal caliber. The intrahepatic branches are cle eo outlined, denoting no obstruction to 

the rate of portal blood flow. Right, a case of splenome galy due to chronic myelogenous leuke- 
tia, also showing veins of normal caliber (s.v. splenic vein; p.v. portal vein; ich. 


ntrahepatic branches). No collaterals are identified anc the course of the venous flow is smooth 


films after swallowing a standard bar- 
ium meal, or esophagoscopy, or both, 
revealed varices in 10 patients. How- 
ever, in one patient esophagoscopy and 
barium contrast films were normal, 
while venography clearly outlined var- 
ices (Fig. 3). In another patient 
splenoportography established the pres- 


Schistosoma mansoni infestation of the 
liver. Since stool examinations and rec- 
tal biopsies may not yield evidence of 
this blood fluke, sple nic venography 
may be an aid to exclude extrahepatic 
obstruction from other sources in a pop- 
ulation with a high incidence of 
bilharzia. Splenic venography definitely 


| “a +... 
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Fig. 2.—Portal Hypertension. Cases with increased pressure in the portal venous system due 
to intrahepatic obstruction. Left, a case of bilharzial cirrhosis. Right, a patient with alcoholic 
cirrhosis. The splenic and portal veins are greatly distended and tortuous. The intrahepatic 


branches are not clearly seen, suggesting intrahepatic obstruction 


Fig. 3.—Varices. A female patient, aged 35, with cirrhosis of the liver. Barium swallow and 

esophagoscopy failéd to disclose the presence of varices. Splenoportography indicates some 

increase in the caliber of splenic (s.v.) and portal (p.v.) veins, and clearly shows a cluster of 
gastroesophageal varices (g.v.) arising from the coronary vein. 


‘ 
PN. 


ind 


me 


of 


Rodriguez et 


demonstrates the presence of portal 
vein thrombosis, as shown in Fig. 4,a 
finding which was verified at the time 
of surgical exploration. 

PORTOCAVAL ANASTOMOSIS. Portal ven- 
ography was used to evaluate the 
patency of a vascular shunt in one pa- 
tient. The usefulness of the procedure 
in following the patient postoperatively 


SPLENOPORTOGRAPHY 


creased, suggesting improvement in the 
degree of portal hypertension. 
UNDESIRABLE COMPLICATIONS OF SPLE- 
NOPORTOGRAPHY. The procedure was 
done without serious complications in 
all patients. Untoward effects were 
limited to generalized warmth of the 
body, nausea and headaches. Such 
complications have been noted pre- 


Fig. 4—Extrahepatic Portal Obstruction.* Female, aged 


A patient with splenomegaly and 


normal liver function tests. Esophagoscopy revealed ‘sso ges al varices. Stool examina- 
tions and rectal biopsies for S« histosoma mansoni were negative. Splenoportogr: im shows a 


moderately dilated first portion of the splenic vein. The distal portion of the splenic vein and 


the portal vein are not visualized. A large collateral vein (c.. 


arises from the splenic vein 


ind crosses the abdomen to subdivide in numerous collateral branches. The study indicates 
portal vein thrombosis. 


This case has been previously reported in the medical literature® 


has been emphasized. Preoperatively 
(Fig. 5), large, dilated splenic and 
portal veins were present, indicative of 
portal hypertension. Three months af- 
ter a portocaval anastomosis, the pro- 
cedure was repeated, indicating that 
the shunt was patent with adequate 
filling of the inferior vena cava. The 
caliber of the splenic vein had de- 


viously with the percutaneous injection 
of Diodrast via the splenic route**. 
Six patients had left upper quadrant 
pain for short intervals at the conclusion 
of the procedure. Ten patients studied 
underwent operation shortly after 
venography. One of this group had 
about 150 ml. of blood in the peritoneal 
cavity which we believe came from 


6 [The American Journal of the 
the splenic puncture site. However, 
this bleeding site had been sealed oft 
before the operation was begun. One 
patient was examined at necropsy after 
succumbing from progressive hepatic 
there 
evidence of bleeding at the injection 


coma. In this instance Was ho 


site. 


5 Patency 


f Portocaval Shunt 


liver with moderate bilharzial 


sis of the 


dilated spk ni 


fills promptly establishing the pate ney of the shunt. The sple nic vein shows a dec 
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| Male, aged 97. 

Schistosoma mansoni ova found in stools and rectal biopsy. Liver biopsy indicated schistosomia- 
cirrhosis 
and portal veins. Right, 3 months after shunt, the inferior vena cava 
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equipment of a general hospital. Only 
one anterior-posterior film need be ob- 
tained, the information regarding the 
splenic and portal veins being gen- 
erally adequate. The projection of the 
radiopaque material in one plane does 
not allow complete interpretation for 
the localization of some collateral veins 


Splenomegaly with esophageal varices 


Left, before portocay il shunt, tortuous 


arrows 


d caliber 


indicating beneficial reduction of portal pressure 


Summary. 1. Twenty-six patients had 
28 successful splenoportographies in 35 
procedures The results have indicated 
that this tec hnique has been well toler- 
ated without 
These studies have clarified the diag- 


serious complications. 
nosis of portal hypertension and allow- 
ed us to exclude extrahepatic obstruc- 
tion when the patient was considered 
for a shunt operation. 

2. The procedure can be done with 
the usual diagnostic roentgenographic 


of the portal system. However, the 
presence of collateral veins offers strong 
radiologic support for portal hyper- 
tension. 

3. Splenic venography is of great clin- 
ical value in the study of portal hyper- 
tension. In patients with Schistosoma 
mansoni infection in whom liver dam- 
age is minimal, the procedure is rec- 
ommended to clarify the indication for 


shunt anastomosis. 
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SUMMARIO IN INTERLINGUA 


Splenoportographia: Un Adjuncto de Valor in le Studio de 
Hyptertension Portal 


1. Trenta-cinque splenoportographias esseva interprendite in patientes. 
Vinti-octo del interprisas esseva completate a bon successo. Hlos involveva 26 
patientes. Le resultatos indica que le technica esseva ben tolerate. I] habeva 
nulle serie complicationes. Le studio splenoportographic ha clarificate pro nos 
le diagnose de hypertension portal, permittente a nos excluder obstruction extra- 
hepatic quando le patiente esseva considerate como candidato pro shunting 
chirurgic 

2. Le technica splenoportographic require nulle apparatura in excesso del 
usual equippamento roentgenographic que es disponibile in hospitales general. 
Un sol pellicula antero-posterior es requirite. Le intormationes assi obtenite 
relative al venas splenic e portal es generalmente adequate. Le projection del 
substantia radio-opac in un sol plano non permitte un complete interpretation 
in re le localisation de certe venas collateral del systema portal. Tamen, le 
presentia de venas collateral offere un forte supporto radiologic pro le diagnose 
de hypertension portal. 

3. Venographia splenic es de grande valor clinic in le studio de hypertension 
portal. In patientes con infection per Schistosoma mansoni, in qui le lesion 
hepatic es minimal, le technica es recommendate como medio de clarificar le 
question de si o non le effectuation chirurgic de anastomoses per shunting 
es indicate 
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QUANTITATION OF THE ACTIVITY OF RHEUMATOID ARTHRITIS. 
2. RECESSION OF MORNING STIFFNESS AS PATIENTS 
GO INTO REMISSION 


By Joun LAnssury, M.D. 
PROFESSOR OF CLINICAL MEDICINI 


From. th Department of Medicine, 
Philadelphia 


luis paper considers “duration of 
morning stiffness” as it relates to the 
over-all activity of rheumatoid arthritis. 
The information presented is part of 
an inquiry into the feasibility of meas- 
uring the systemic manifestations of 
the disease which we hope ultimately 
to incorporate into a single system 
for quantitating the total activity of 
the rheumatoid process. The data pre- 
sented below were collected from a 
review of office and clinic records ex- 
tending over a period of 10 years. 

Morning stiffness is an exceedingly 
common manifestation of active rheu- 
matoid arthritis at all ages. A review of 
100 consecutive cases from our files 
shows that it was present in 97% of 
these at the time of the initial inter- 
view. As we have previously pointed 
out!, morning stiffness can be quanti- 
tated by observing its duration rather 
than its intensity. We found that most 
patients can readily distinguish | stiff- 
ness from pain and that they can 
generally identify its duration after ris 
ing in the morning with accuracy. As 
the duration decreases to less than 
one hour, periods of duration of 5, 10, 
15 or 30 minutes can be identified by 
the patient with even greater accuracy. 

From the records of 45 unselected 
cases personally observed by us, we 
find the average duration of morning 
stifMmess at the time of the first office 
visit to be 3.5 hours. In the arthritis 
clinic, with multiple observers, the av- 


Temple University School of Medicine 
Pennsylvania 


erage duration was slightly less. A 
rough correlation between duration of 
morning stiffness and activity of the 
disease, as measured by sedimentation 
rate, is apparent. Thus, in 19 cases in 
which the average 5-minute maximum 
fall of erythrocytes was greater than 
the median value of 5.6 mm., the av- 
erage duration of morning stiffness was 
{ hours, whereas in a group of 22 
cases whose sedimentation rate was 
below the median value, the average 
duration of morning stiffness was 3.2 
hours. 

Morning stiffness tended to be more 
protracted in older patients. Thus, in 
a group of 60 patients the average dura- 
tion of morning stiffness was 3.45 
hours in those older than the median 
51.6 years, and 2.95 hours in those 
younger than the median 51.6 vears. 
However, this difference between the 
two age groups also held true for the 
sedimentation rate which averaged 6.3 
mm. and 5.2 mm., respectively, for the 
older and younger age groups. This 
seems best explained on the basis of 
a fortuitous increase in rheumatoid ac- 
tivitv in the older age group. The ratio 
between hours of morning stiffness and 
sedimentation rate was 0.5 for each 
group which suggests that both are 
reliable indices of rheumatoid activity. 

To test further the validity of dura- 
tion of morning stiffness as a quantita- 
tive index of rheumatoid activity we 
have analyzed serial observations of 


S¢ 
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Lansbury: 


morning stiffness from our records of 
6 cases of rheumatoid arthritis who 
attained a complete remission. A remis- 
sion was judged as “complete” when 
there was no pain at rest or on motion, 
no stiffness, no fatigue, no articular 
inflammation and 
when the sedimentation rate had re- 


manitestations — of 


turned to normal and the patient could 
undertake full phy sical and occupa- 


Hours of morning stiffness 
w 
| 


RECESSION OF MORNING STIFFNESS IN: REMISSION q 


and physical therapy to which chryso- 
therapy in the form of Sodium-auro- 
thio-sulfate (Merck) was added in an 
average dose of 25 to 50 mg. per week. 
None of the patients received ACTH 
or steroids, since these would have 
suppressed the very symptoms which 
we were trying to measure. 

The results of this study are pre- 
sented in Figs. 1, 2, and 3. In Fig. 1 


/ —. 
L | | 
O 
50 /00 /50 200 
Days after Treatment 
ig. 1.—Six representative cases of active rheumatoid arthritis showing decline in hours of 


morning stiffness 


ional activity. The small number of 
uch cases (6) available for this study 
due in part to the rigorous criteria 
sed in determining a full clinical re- 
lission and in part to insufficient serial 
ata on hours of morning stiffness in 
umerous other cases which attained 
full remission. 

\ll 6 cases were treated by the stand- 
d “basic program” of rest, sedation, 
licylates, blood transfusions, vitamins 


is a full remission is attained on “Basic Program” plus gold salts only. 


the crude data of “hours of morning 
stiffness” are plotted against “days af- 
ter treatment.” It will be seen that 
the duration of morning stiffness drops 
off rapidly at first and slowly there- 
after as a remission is approached. In 
order to ascertain whether the reces- 
sion of morning stiffness occurred in 
a regular manner, both for the indi- 
vidual cases and for the group, the 
data were treated as follows: The in- 
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dividual hours of morning stiffness 
all brought to 100% and subse 


quent observations were calculated as 


were 


percentage decrements from this point 
The average number of “days 
treatment” was likew regarded as 
100% and subsequent time intervals 
were calculated as percentage of aver 
age time required to attain a remission 


The resulting curve seen in Fig. 2 indi 


OO 


stiffness 


% Hours of morning 
/ 


2 
O% 


Fig. 2 Average hours of morning. stiffness 


% Days after treatment 
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morning stiffness” was plotted on semi 
log paper for each case as “changes 
from 100% at the start of treatment 
against “days after treatment 
shows this average trend, reconstituted 
on ordinary graph paper, and repre- 
sents the average decline of hours of 
morning stiffness, as it actually 
curred in time, for a group of 5 cases 


of active rheumatoid arthritis going 


in 6 cases of rheumatoid arthriti oing into 


linical remission on “Basic Program” plus gold salts only 


Abscissae show percentage decrements starting as 100% for each case. Average 4.8 to 0 hours 
Ordinates show percentage of average time needed to attain a plete remission (172 
VS LOO 
Controls: 7 cases of active rheumatoid arthritis showing mproverne t. Average 
hours of mornin: stiffne SS l observed tor LSO days 
cates a_ perfectly regular parabolic into a full remission. The individual 


trend. In viewing Fig. 2 we must em- 
phasiz that we are seeing only the 
trend of recession of morning stiffness 
and that this is abstracted from Fig. 
| in which the individual variations 
common to biological observations are 
manifest. 

The regularity of the above trend 
was checked by standard biostatistical 
methods 


Here, the index “hours of 


from the 
average trend. The curves of trend of 


trends differed in no way 


recession in Figs. 2 and 3 differ slightly 
other: but they 
each other in that they indicate differ 


from each confirm 
ent aspects of the same thing, namely 
regularity in the trend of decline of 
morning stiffness as patients go int 


remission. 


In Fig. 2 the broken line represent 
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Lansbury: 


an average of “hours of morning stiff- 
ness’ in 7 cases of active rheumatoid 
arthritis observed monthly for 6 months. 
These cases were selected from our 
records because our best clinical judg- 
that their course was 
It will be observed that the 
general trend is in the direction of a 


ment indicated 


stationary 
and thus contrasts strik- 


straight line 


ingly with the trend observed for the 


100 


80 


60> 


Hours of morning stiffness 
(expressed as % of reading at O days) 


RECESSION OF 


MORNING STIFFNESS IN REMISSION 1] 


Summary and Conclusions. |) Morn- 
ing stiffness is an almost universal man- 
ifestation of active rheumatoid arthritis. 

2) Most patients can accurately ob- 
serve the duration of morning stiffness. 

3) Duration of morning stiffness cor- 
relates roughly with the maximum 5- 
fall of the 


Cutler sedimentation rate, but appears 


minute erythrocytes — in 


to be unrelated to age, sex, duration 


O 20 40 60 80 


100 /20 /60 /80 


Days after stort of treatment 


i rend of hours of morning stiffness 


5 cases of active rheumatoid arthritis going 


into remission. Treated with “Basic Program” and gold salts only. 


This 
the 
value of “hours of morning stiffness” as 


6 cases into a remission. 


would seem again to confirm 
an index to rheumatoid activity. 
Reviewing the above data, we be- 
lieve that duration of morning stiffness 
is a valid index to the total amount of 
systemic or fibrositic activity of rheu- 
matoid arthritis in the cases studied. 
Its place in a scheme for the evaluation 
of over-all activity of rheumatoid arth- 
ritis will be dealt with in a subsequent 


article. 


of disease and hemoglobin concentra- 
tion. 

1) Three graphic analyses are given, 
which indicate that hours of morning 
stiffness decline in a regular trend as 
the patient goes into a remission. 

5) Duration of morning stiffness is, 
therefore, a valid index to the general 
or fibrositic component of rheumatoid 
activity and so deserves to be routinely 
recorded as an item in progress notes. 
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QUANTITATION OF THE ACTIVITY OF RHEUMATOID ARTHRITIS. 
3. THE MAXIMUM 5-MINUTE CUTLER SEDIMENTATION 
RATE AS AN INDEX 


By Jonun Lansspury, M.D. 
PROFESSOR OF CLINICAL MEDICINI 


From the Department of Medicine, 


remple University Scho f Medicine, 


Philadelphia, Pennsylvania 


For many vears the sedimentation 
rate has been accepted as a rough 
guide to the degree of systemic ac- 
tivity in cases of rheumatoid arthritis. 
Various methods for performing the 
test are in vogue, such as the Cutler, 
Westergren, Wintrobe Rourke- 
Ernstene techniques, but unfortunately 
the results reported by these various 
methods cannot be compared with 
each other since their values, both for 
normal and for the abnormal, differ 
from each other. Our experience has 
been entirely with the Cutler method 
but we do not, therefore, imply that 
the Cutler method is superior to other 
methods. One of its disadvantages is 
that it is time-consuming because a 
technician has to make a reading every 
5 minutes 

The Cutler method differs from other 
methods in that a wide-bore tube is 
employed. The completed Cutler graph 
has the advantage of furnishing two 
the total fall 
of erythrocytes at the end of one hour. 
and 2) a series of 5-minute decrements 
which produce a curve from the start 
ing point at zero to the 60-minute end- 
point. The shape of this curve gives 
information which is not apparent in 
the 60-minute end-point alone. 


pieces of information: 1 ) 


The degree of steepness of the curve 
can be recorded by observing the max- 
imum fall in any 5-minute period. We 
have for many years routinely used 
this 5-minute index as a measure of 


(19 
(12) 


activity ¢ 


f rheumatoid arthritis, and, 
with certain exceptions, have found it 
to be a useful measure of the severity 
of the disease. In stable cases, where 
no obvious trend for better or worse 
is clinically apparent serial Cutler sed 
imentation curves often do not vary 
more than a few millimeters from each 
other at any point in their course over 
a period of many months and even 
vears. This replication indicates a high 
degree of reliability for the Cutle 
method. Only rarely have we seen a 
proven case of active rheumatoid arth 
ritis in which the Cutler sedimentation 
rate was not increased. However, we 
have observed a number ot cases in 
which a sedimentation _ rate, 
seemingly out of proportion to the mild 
clinical manifestations, persisted. But, 


rapid 


in the great majority of cases we have 
the impression that the rate of fall of 
erythrocytes parallels the degree of ac- 
tivity of the rheumatoid process. Es 
pecially in those cases going into a 
remission have we found that the sedi- 
mentation curves serially straighten 
out toward an almost horizontal diag- 
onal line, with only occasional devia- 
tions from a steady trend toward nor- 
mality. On the other hand, a single 
recording of the fall of erythrocytes at 
the end of one hour (sometimes re- 
ferred to as the Cutler Index) seems 
to be a much less sensitive index, since 
often an impressive decrease in it is 
noted only after the patient is well 
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on his way to remission. We have, 
therefore, relied on the maximum 5- 
minute fall as an index of activity. 
With this information in hand, it 


In order more thoroughly to test the 
validity of the maximum 5-minute sedi- 
mentation rate as an indicator of rheu- 
matoid activity, it is necessary to ob- 


seemed worth-while to see if the 5- 
minute Cutler index was quantitatively 
related to the over-all activity of rheu- 
matoid arthritis. The following data 
were obtained from a review of our 
private and clinic records. 


serve the decline of this index in a 
series of patients going into a full re- 
mission. If the decline occurs in a 
regular manner, it may be concluded 
that even small decreases in the maxi- 
mum 5-minute fall of erythrocytes are 
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il of Fig. 1.—Crude data on 5-minute Cutler ESR in 10 cases of active rheumatoid arthritis going 
F ac into a remission under treatment with standard “Basic Program” plus gold salt therapy. 
Es 
di In 100 consecutive cases of rheuma- — significant. The data presented here 
ites toid arthritis the average maximum 5- were abstracted from the charts of 
lia minute ESR at the time of the initial patients who attained a full clinical 
Ra observation of the patient was 5.6 mm. remission as previously defined'. All 
ned The older age group had a slightly were treated by the basic program plus 
baile increased average fall (6.3 mm.) and gold salts, none by steroids. 
Hei the younger age group a lesser fall Figure 1 depicts the crude data from 
> (5.2 mm.), this small difference is of 10 cases of rheumatoid arthritis going 
ela questionable significance. In our cases — into full clinical remission. The normal 
pene no definite relationship between the maximum 5-minute sedimentation index 
t is sedimentation rate and sex, anemia or is 1 mm. or less. This was attained in 
all duration of disease was found. all but 2 cases which otherwise ap- 
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peared to be in a full remission. The curves, when averaged and plotted, 
shallow “S” 
curve which, for practical purposes, can 


time required to attain a remission var- 
ied from 100 to 450 days. It will be 
that, in general, the higher the 
sedimentation rate, the longer it takes 
to attain 

curves 


produced a very shaped 


seen be considered as a diagonal line. The 
broken line represents the average max 
a remission. Only 3 of the imum 5-minute sedimentation rate in 
striking 
from the general downward trend to 


Such 


show deviations 


6 cases whose courst appeared to be 


rhe 


were made at monthly intervals 


observations 
It will 


clinically stationary 


normality deviations are to be 


expected in any biological data and be noted that the ge neral trend is in 
5.3mm.’ 
mm. 
x Average moximum 5 minute erythrocyte 
% sedimentation in 7 cases progressing 
i to complete clinical remission 
Abcissae expressed as percentage 
decrements starting at 5.3mn.(l0O%) 
dechining to lmm. (normal) 
Ordinates adpsted to2// days * 
* overage time required to attaina 
remission. 448d) 
\ 
\ 
\ 


——-— Average monthly observations for 2/0 
days of maximum $-minute ESR 


cases of rhuematoid arthritis having 
@ clinically unvorying course a, 
mim 
2 1 minute maximum sedimentation (Cutler in 13 cases of rheumatoid arthriti 


treated with “Basic Program” plus gold salts (no ster 


do not significantly alter the general a horizontal line, which contrasts strik 


trend for the 


group. 

Figure 2 shows the average decline 
in maximum 5-minute ESR in 7 cases 
under our personal observation. The 
average was obtained by giving each 
initial ESR reading the value of 100% 
and expressing changes from this as 
percentage 100. The 
average time required to attain a re- 
mission was 211 days. This was like- 
wise taken as 100% for each case and 
ordinates were adjusted to percentages 
of 211 days. The resulting individual 


decrements from 


ingly with the downward trend of the 
cases going into remission 

analysis by 
standard biostatistical] the 
data. The parabolic 
curve results from graphing the crude 


Figure 3 portrays an 
methods of 
same shallow 
data on semi-log paper and _ reconsti 
so obtained on or- 
this method 
some individual lines showed signifi- 


tuting the average 
dinary graph paper. By 


cant deviations from the general trend, 
so that it is a question whether the 
general trend is better defined by a 


| 
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diagonal line or by a shallow curve. In 
either event, both methods indicate a 
regular trend for the group as a whole, 
and we may therefore conclude that, 
subject to the expected individual bio- 
logical variations, the 5-minute ESR 
by the Cutler method is a valid indi- 


70 - 


% of reading of Odays 


90 - 


30 = 


2075 


Days of treatment 


It is possible that other methods, 
particularly the Rourke-Ernstene and 
Westergren provide 
equally reliable or even superior in- 
dices. We hope that rheumatologists 
who use these other methods will un- 
dertake a similar analysis from. their 


methods may 


40 80 1/20 


1460 200 240 28 


Frend of 5-minute Cutler sedimentation rate in 10 cases of active rheumatoid arthritis 


‘ission under treatment with “Basic Program” plus gold-salt therapy (no ACTH 


or steroids ). 


cator of the total inflammatory re- 
sponse of the body to rheumatoid arth- 
ritis. Its place in an over-all scheme of 
evaluation of rheumatoid activity will 
become clear as other indices become 
ivailable for comparison. It is hoped 
that deviations from the general trend 
in this and other indices will cancel 
each other when they are summed up 
in a total index. 


records of cases going into remission. 
It is important to note that such studies 
must be done on patients not receiving 
ACTH or steroid therapy, since these 
agents suppress the ESR and other 
indices which we are trying to measure. 

Summary and Conclusions. |) The 
maximum 5-minute fall of erythrocytes 
observed by the Cutler sedimentation 
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technique averaged 5.6 mm. in a series 
of 100 consecutive cases of rheumatoid 
arthritis at the time of their first inter- 
view. 


)\ 


\ statistical analysis of the 5- 
minute ESR in 10 cases of rheumatoid 
arthritis going into remission indicates 
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viduals and for 


the group, which is 
sufficiently regular to validate the Cut- 
ler 5-minute ESR a quantitative 
index of systemic rheumatoid activity. 

3) Other 
the 


as 


methods, 
Rourke-Ernstene 


sedimentation 


such and 


as 


Westergren deserve to be similarly 
a trend toward normal, both for indi- evaluated. 
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SUMMARIO IN INTERLINGUA 
Quantitation del Activitate de Arthritis Rheumatoide 
3. Maximo de Sedimentation per 5 Minutas (Secundo Cutler) Como Indice 
de Activitate 
1. Le maximos de sedimentation erythrocytic per 5 minutas, observate pet 


medio del technica sedimentational de 


5,6 mm in un serie de 100 consecutive 
del prime interview. 


2. Le analyse statistic del valores de 


de 5 minutas a base de 10 casos de 
remission exhibi un tendentia de norm 
in le gruppo. Iste tendentia es sufficie 
Cutler del determination de sedimer 
minutas como indice quantitative del : 


Cutler, monstrava un valor median de 


casos de arthritis rheumatoide al tempore 


sedimentation erythrocytic pro periodos 
arthritis rheumatoide in progresso verso 
alisation, tanto 


n individuos como etiam 
ntemente regular pro validar le technica 


itation erythrocytic pro periodos de 5 


ictivitate rheumatoide systemic 


3. Altere technicas de mesuramento sedimentational (per exemplo le technica 


de Rourke-Ernstene e de Westergren 


merita un simile evalutation. 


rik LACK OF EFFECT OF INGESTED FERROUS SULFATE ON THE 
GUAIAC TEST FOR OCCULT BLOOD IN THE STOOL 


By Couuins Harvey, M.D. 
ASSISTANT PROFESSOR OF MEDICINE 


rom the Department of Medicine, The Johns Hopkins University and Hospital, 


Baltimore, 


Ture administration of iron in one 
form or another by the oral route is 
usually employed to treat the anemia 
resulting trom bleeding lesions of the 
vastrointestinal tract. Ingested iron not 
absorbed in the intestine is excreted in 
the stool as iron sulfide which colors 
the stool greenish black, or black?. 
This color is easily confused with that 
black color produced by changed blood 
in the stools. Consequently gastrointes- 
tinal bleeding in the patient receiving 
iron salts orally cannot be detected by 
inspection of the stool, and a specific 
test for occult blood must be used. 

Varying opinions are expressed by 
clinicians regarding the validity of tests 
for occult blood in the stool of the pa- 
tient taking iron orally. Indeed, clinical 
investigation has also vielded conflict- 
ing results. Johnson and Oliver? report- 
ed that in seven individuals on a meat- 
free diet who were given 0.3 gm. fer- 
rous sulfate three times daily for 4 
days, the stools were not only tarry 
in color but gave a very prompt posi- 
tive reaction with guaiac. At no time 
before nor after these patients were 
given iron salts were tarry colored stools 

positive tests for occult blood found. 
Burger*, on the other hand, reported 
that two subjects on a meat-free diet 
who were given | gm. iron ammonium 
citrate a day passed tarry black stool 
within 24 hours, but that the stools did 
not give a positive reaction when tested 
for occult blood with powdered gum 
cuaiac. 


Maryland ) 


The production of color in the guaiac 
test for occult blood depends on the 
oxidation of phenolic compounds to 
quinones which yield colored products 
by intermolecular reaction. Such oxi- 
dation can be brought about by hy- 
drogen perioxide, and this reaction can 
be catalyzed by many substances, some 
of the most effective of which are 
peroxidases. Naturally occurring peroxi- 
dases contain hemin-like moiety. 
Hemoglobin exhibits peroxidase-like 
activity and facilitates the oxidation of 
phenolic compounds by hydrogen per- 
oxide. Gum guaiac contains an oxidiz- 
able phenol designated guaiaretic acid 
which on oxidization yields a compound 
of unknown composition, deep blue in 
color’. It is known that iron does not 
catalyze this reaction and hence gum 
guaiac in the presence of iron would 
not be expected to yield a blue color. 

To determine whether ingested iron 
does give a false positive test for occult 
blood, observations were made on 
specimens of stool of 116 individuals 
given ferrous sulfate orally. The pres- 
ent communication reports these obser- 
vations. 


Materials and Methods. In the last two 
successive years members of the second year 
class of the Johns Hopkins Medical School, 
part of the work in labor: itory diagnosis, whos 
taken ferrous sulfate® 0.3 gm. three times daily 
for 3 days before the laboratory session in w which 
they collected and examined their own stools. 
All the students ate their usual diet except 
that all were requested to eat meat well 
cooked in addition to taking the ferrous sul 


®Kindly furnished by Mr. Robert Smith of the Upjohn Company. 
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filter paper is observed immedi- 
itely and in 5 minutes. 5) Simultaneously a 


blank is run to determine the background 
lor reaction, if any, of the reagents and 


nd also’a test is run on a drop 
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rate lests iectermiine occult blood were ot Venous blood to determine thre color ol 
perfor ed by each individual on his own known positive reaction. 6 An immediate 
STON ising the Gualac method outlined be low deve lopirg deep blue color 1 interpreted is 
In addition each student performed as controls a positive reaction indicating the presence 
the test on spe nens of several stools collect of blood, a taint blue color « eveloping within 
tre ther patients and subject The 5 minutes is interpreted weakly positive 
Sl rhe st imens examined by all stu reaction, vet. still indicatin the presence ot 
lents were \ i normal ool, B stools blood, but presumably a small amount. The 
tained fi patients recuperating from levelopment of a greenis| lor is interpreted 
iwocardial nrarcvions who hac been given is a negative reaction 
rous sulfate orally 0.3 gm three times 
ly for one week, ( stool obt iined trom a Results. lable l shows the re sults ot 
tient who had a bleeding duodenal ulcer the observations made by the students 
had been passing tarry” stools for 
pe Phere was only one positive reaction 
eek oi nd D) stool furnished by 
nember of the class who had been on a using the blan and no negative rear 
I et (1% pounds rare steak a tions when blood was used. Prior test 
TABLE 1. STUDENT OBSERVATIONS 
} 
Total Nu 
Vat ested Detern 
Blank | 1] 
Venous Blood 116 116 0 
Stool A Single specimen normal stoc 116 | 
previously tested by instructor, found 
to have a negative reaction 
Stool B Three specimens black tart 116 ll2 
stool, random hospital patient on irot 
salts orally for one week 
Stool ¢ Single specimen formed tarry 116 114 ) 
st patient with bleeding duodena 
Stool D.—Single specimen st f st 116 11 
le hig! meat diet 
Stool I Black, tarry stools of student 116 ( 110 
1 salts orally for three days itly p 
to 
tO re the stool specimen ing ot the normal stool by the instruc 
s obt tor and the clinical laboratory had es 
ESTING I CULT BLOOD IN STOOI WITH 
| re 
M GUAIA I 4 small amount of stool is tablished that there was no occult 
1 uy . piece of filter paper and two blood in the stool. One student ob 
ps of g y tic acid are added to the tained a positive reaction on this stool. 
stool drops of shl prepared 
freshly prepared The patient with the bleeding ulcer 
solution f ethyl alcohol saturated with ; 
was purposefully not on iron therapy. 
owdered gu uaiac a lded to the stool : 
ler 1 Gum guala ire added to the tor 
1, One hundred and fourteen students 
3) Two drops $@ aqueous hydrogen per 
de are added to the stool. 4) The reagents detected blood in the stool of a patient 
re mixed thoroughly with the stool by stirring With a bleeding ulcer, whereas two 
with an applicator stick, and the color rea did not. When each student studied 


the stool of a patient on the ward fed 
iron salts, 4 reported a positive reaction. 


Numerous specimens of stools from 


these patients examined before and 


Harvey: GUALAC 
after iron salts had been given never 
showed a positive reaction to guaiac 
when tested in the clinical laboratory. 
When each student studied his own 
stool containing iron, 6 reported a posi- 
These 6 
3 were found to have 
which have been 
bleeding. Stools examined subsequently 


tive reaction students were 


examined and 
hemorrhoids could 
2 weeks after ingestion of iron salts ) 
vave a positive reaction in 2 students. 

Discussion. There was one positive 
reaction reported among the 116 ex- 
uminations normal 
presumably free from blood, and one 


made on a stool 


positive reaction reported among the 
116 examinations the blank 
runs using the reagents alone. There 


made on 


were eight positive reactions reported 
out of 229 examinations made on stools 
containing iron but presumably free 
from blood. These reported positive 
reactions in the three groups of exam- 


could 


interpreting the color reactions. Com- 


inations occur trom errors in 


parison of the figures does not indicate 
inv. difference in the two groups and 
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one presumes, then, that the positive 
reactions reported are due to chance 
error in methodology or interpretation 
and do not indicate a positive reaction 
to iron salts. The single positive reac- 
tion in the stool of the subject on a 
high rare meat diet may well be due 
to chance error in methodology or 
interpretation. 

Summary. The reliability of the test 
for occult blood in the stools using gum 
guaiac was established by: 

1) Well controlled observations made 
upon the stools of normal patients, a 
patient with a bleeding ulcer and 116 
students and 2 patients who took iron 
orally, and upon the stool of a subject 
on a diet high in rare meat. 

2) Ferrous sulfate ingested orally, 
though giving a black or tarry color 
to the stools, does not give a positive 
reaction with the gum guaiac test for 
occult blood. 

3) The amount of blood contained in 
the stools of a patient who ingests an 
average portion of rare meat does not 
give a positive reaction to gum guaiac. 
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SUMMARIO IN INTERLINGUA 


Le Non-Effecto del Ingestion de Sulfato Ferrose Super le Test a Guaiaco pro 
Sanguine Occulte in le Feces 


Le autenticitate del test a guaiaco pro sanguine occulte in le feces esseva 
establite per medio de ben controlate observationes del feces de patientes normal, 
de un patiente con un ulcere sanguinante, de 116 studentes e 2 patientes qui 
recipeva ferro per via oral, e de un subjecto qui se manteneva super un dieta 


ric in carne crude. 


Le ingestion oral de sulfato ferrose resulta in feces de color nigre o catranose 
sed non produce un reaction positive in le test a guaiaco pro sanguine occulte. 
Le quantitate de sanguine continite in le feces de un patiente qui ingere 
portiones normal de carne crude non produce reactiones positive in le test 


a gualaco. 


THE TREATED PULMONARY LESION AND ITS TUBERCLE BACILLUS 
I. PATHOLOGY AND PATHOGENESIS 
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lHe pathology of pulmonary tubercu 
Since the 

advent and widespread clinical usage 


losis is entering a new era. 
of the specific chemotherapeutic agents, 
the classical lesion has undergone sig 
nificant qualitative and quantitative al 
is limited to the 


two most important of 


This study 
the 
will 


terations 
effects of 
these It 
made in this laboratory with published 


combine’ observations 


Hinshaw, 
1! Steenken and 


experime ntal Feldman, 
Mann, and Karlson*:!° 


Wolinsky and Youmans and Me 
Carte and clinical (Auerbach, 
Katz and Stemmermann! **, Baggen- 
stoss, Feldman and Hinshaw‘, D’Esopo 
et Flory et al.'*, Kidd'*, Mahon?! 


and Silverthorne and Silverman?") re 
sults following the use of streptomycin 
and the experimental 
al Karlson and Feldman’, and 
Steenken and Wolinsky*!) and clinical 
De Figueiredo and de Paola*. 
Denst*, Johnson and Hewitt!*, Katz and 
Klopstock'®, Medlar??, 


ifter isoniazid therapy. Most of 


Grunberg et 


results 
and Thomp- 
son 
the changes are a matter of record and 
will be only briefly outlined. The fol- 
will be 
more with pathogenesis, because it is 


lowing discussion concerned 


believed that the altered morphology 


) 
A) 


can be explained readily on the basis of 
the tubercle 


modified in 


a modified pathogen 


bacillus) calling forth a 


Hammatory reaction which results in a 


modified repair process 


Materials and Methods. The principal ma 


terial this t \ mnsisted 


mse 
] 1 mer 1 t} 
surgica sper rece 


between March, 1954 ! November, 1955 


Chev were the results of un tomies 
lL bilobectomv. 24 lobect ies, 28 ental 
resections and also it ed 5 specimens 
that consisted of a lobectomy plus 1 wedge 
or segmental resection \ special routine was 
devised for the examination of the tissue 
From the operating room it w is taker irectly 
to the bacteriology lal torv where it was 
dissected in the fre sh state nder Ste rile on 
ditions The gross characteristics and geo 
graphi location of the iS Were I 
All cavities were classific Ss open or closed 
Special note was mac f the contents. the 
character of the lini | the thickness of 
the wall. Material within the bronchi and all 
intrapulmonary pathologic processes wer 


sampled for ba teriol gical study The precise 
utlined in the follow 


methods used will be 
The 


solution of 


Ing paper specimen was then placed in 
a 10% formalin ind 
the pathology laboratory. | 


fixation, it 


removed to 
ollowing ( mmplete 


carefully and the 


Was Te-CXaline 
gross findings were compared with the ob 
servations made previon sly Appropriate 


bloc ks 


tion 


taken for vi 


am 


were roscop! examina 


Hematoxylin osin acid-fast 


stains were made routinely and special stains 


were done where indi ited 
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Pathology. The more important 
pathological changes are briefly sum- 
marized in the following paragraphs. 
Because it is believed that the result- 
ing morphologic alterations produced 
hy the administration of streptomycin 
and isoniazid are significantly different, 
they will be listed under individual 
headings. In most of the above studies, 
para-aminosalicylic acid was given in 
conjunction with both of these drugs. 
The nature of this compound and the 
magnitude of its action suggest that 
it has no significant role in the tissue 
response. Therefore, it will not be con- 
sidered in the following discussion. 

CHANGES ASCRIBED TO STREPTOMYCIN. 
Ihe tollowing morphologic modifica- 
tions of the classical tuberculous lesion 
have been found to occur after the 
administration of streptomycin. 

|. The classical picture of miliary 
tuberculosis was strikingly tempered. 
The amply treated lesion was sharply 
outlined and completely fibrosed. It 
occasionally contained a few macro- 
phages and lymphocytes. In these in- 
stances, no specific evidence of pre- 
existing tuberculosis was found. When 
caseation did remain, there was an 
exaggeration of the surrounding col- 
lagen. Significantly, tubercle — bacilli 
could be demonstrated in both types 
of lesion 

2. There was a marked diminution 
of the perifocal reaction around larger 
tuberculous processes. The alveoli were 
empty, and, because of the reduction 
in the inflammatory exudate, the so- 
called “nonspecific” component of the 
capsule was reduced in thickness. 

3. Bronchiolar disease was quantita- 
tively decreased. Scars within the wall 
were rare and healing with re- 
epithelization at the bronchocavitary 
junction was common. 

t. A clearly demonstrable effect on 
the cavity walls was ! cking. In the 
reat majority of instan.-s, they show- 
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ed well developed wide interzones of 
necrosis surrounded by epithe lioid cells 
and granulation tissue. There was an 
insignificant increase in the fibrotic re- 
action. 

CHANGES ASCRIBED TO ISONIAZID. 1. 
The giant cells were atypical in struc- 
ture and location. The number of nuclei 
varied e 6 to over 50. As is shown 
in Fig. 1 (A), these were frequently 
spread at ri a throughout the cyto- 
plasm, suggesting a foreign body ty pe 
rather than the al Langhans 
variety. The pattern of cell distribution 
was markedly different from that com- 
1) pulmonary tu- 
berculosis. These cells were 
often distantly removed from the acute 
processes of caseation and tubercle for- 
mation. They were free in alveoli, in 
intrabronchial mucous plugs (Fig. | 
[B]), surrounded by large numbers of 
lymphocytes or found deeply buried 
in bundles of collagenous tissue (Fig. 

. In the material used for this study, 
ea cells appeared to be mature on 
microscopic examination. 

3. Random collections of xanthoma 
cells Were seen in increased numbers. 
Along with the lipid inclusions in giant 
cells, they reacted positively to fat 
stains. Perh: aps related to this phenom- 
enon was the occurrence of asteroid, 
spiculated calcified Schaumann 
bodies. Heretofore, these have been 
an extremely rare finding in pulmo- 
nary tuberculosis. 


monly encountered i 


4. Granulomatous reactions sugges- 
tive of the lesion described in Boeck’s 
sarcoid were noted. These had the ap- 
pearance of a self-limited, fibrosing, 
rounded expansion of epithelioid cells. 
Their centers sometimes contained a 
noncaseous, granular, central necrosis 
with a lymphocytic infiltration. An ex- 
ample is shown in Fig. 3. 

5. Atypical proliferation of smooth 
muscle around bronchioles was not un- 
common. Figure 4 illustrates such an 
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overgrowth into an otherwise unin- 
volved area 

6. The formation of collagen was ex- 
uberant. This was even more marked 
than that seen in those patients receiv- 
ing streptomycin. The resulting bundles 


were not only increased in number but 
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scribed in the recent literature (Katz 
and Klopstock'® and Thompson**). As 
end-stage products they had smooth, 
glistening, and sometimes trabeculated 
linings. Their 
markedly thinned, 
hyperemic. These were sharply de- 


walls were fibrous, 


hemorrhagic, and 


also in thickness. A partial explanation 
was found in the larger quantities of 
healthier appearing granulation tissue. 

7. By tar the most remarkable change 
occurred in approximately 19% of the 
cavities studied ip this laboratory and 


approximately 10% of the cavities de- 


Aggregation of atypical giant cells: (A 
an intrabronchial mucous plug 


and (B) within 


surrounded by fibrous tissu 
130 


marcated from a relatively uninvolved 
surrounding parenchyma. In some of 
the cavities the lumen contained sero- 
sanguinous fluid. Even though many of 
them apparently arose from bronchi, 
microscopic examination revealed no 
autochthonous epithelial lining. The 
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ig. 2.—Masses of lymphocytes and a collection of giant cells buried deep in collagen. x 100 
Fig. 3.—Granulomatous reac! ion with central granular necrosis and lymphocytic infiltration 
suggesting the lesion of Boeck’s sarcoid. « 100 
Fig. 4.—Atypical peribronchiolar proliferation of smooth muscle into an otherwise uninvolved 
area.  X 100 
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fibrocytes of the wall were in direct In those cavities, however, in which 
contact with the space. This was not a communication to the outside could 
surprising when one realizes that the be demonstrated, it was not uncommon 
preceding destructive necrosis had to find proliferation of the adjoining 
eliminated the potential source of re- bronchial epithelium with extension 
generation, the basal epithelial layer. for short distances along the inner sur- 


Fig. 5.—Sequential healing of end-stage cavity: (A) Large segments of wall still lined by 

caseous membrane < 100); (B) Residual fragments of caseum adjacent to lympho- and 

mono-cytic infiammatory reaction (x 100); (C) Higher magnification of segment of (A 
showing fibrinous necrosis and hyperemia. % 430 
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face. Grossly, they frequently had the 
appearance of giant air cysts, or 
bullae. 
Transitional 
caseation§ to complete clearing were 
readily found. Examples of these are 
illustrated sequentially in Figs. 5, 6, 


phases ranging from 
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and 7. They will be discussed in greater 
detail under Pathogenesis. 
Pathogenesis. The process of inflam- 
mation and repair in mammalian tissues 
has a definite pattern of response. This 
is determined by the inciting agent. 
Pertinent to the present study, there 


6 
upper right 


Diminished inflammatory reaction ( 


Sequential healing of end-stage cavity (continued): (A) Histologically uneven lining 
overlying inflamed wall and a relatively normal bronchiole ( > 
100) composed of 
epithelioid cells and vacuolated giant cells. 


130); 
(C ) 
130 


(B) 


lymphocytes, monocytes, 
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have been collected a substantial num- 
ber of reports that indicate a funda- 
mental alteration of this particular in- 
citing agent, the tubercle bacillus. Pri- 
marily responsible for this change are 


substances 
given in an attempt to control the clin- 
ical course of the resulting disease 


the various therapeutic 


process. Secondarily, but of equal im- 
portance, is the strengthening of the 
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Fig. 7 Sequential healing end-stage cavity (concluded): (A) Area. still mic roscopic ally 
ragged adjace nt to smooth segment showing more advanced healing ( > 100): (B) Healing 


almost comple te | 


100); (C) Higher magnification of final phase with minimal inflammatory 


reaction remaining. x 430 
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host resistance made possible by this 
chemotherapy. 

The ultimate consequence is prob- 
ably determined by two different fac- 
tors: 1) the site of action of the drug 
with respect to the individual cell, and 
2) the action of the drug on the funda- 
mental metabolic process of the 
bacillus. 

A number of authors have clearly 
shown that the site of effective action 
differs with the drug employed (Mack- 
aness'’, Mackaness and Smith**, and 
Suter*- Using living macrophages, 
streptomycin was found to be most 
strongly antibacterial when the micro- 
scopic organisms were extracellular and 
only weakly antibacterial when they 
were intracellular. Isoniazid is equally 
bacteriocidal against both intra- and 
extra-cellular bacilli. Middlebrook and 
Yegian*" and Schaeter*> believed that 
the bacteria are most vulnerable when 
they are multiplying. Barclay and his 
associates”, by labeling isoniazid with 
radioactive carbon, found that this 
drug, or its metabolites, had the capacity 
of penetrating into both cavitary and 
caseous lesions. Of some interest was 
the drug’s high concentration in the 
fibrous capsules of the latter. After 
assaying the caseous centers of tubercu- 
lomata, Mahon?! concluded that strep- 
tomycin, on the other hand, lacked the 
power of effective penetration. Vish- 
vanathan and his colleagues**, using 
the electron microscope, illustrated ex- 
ellently the various stages of disinte- 
gration experienced by the tubercle 
acillus following in vitro exposure to 
treptomycin. The findings of Koch- 
Weser, Barclay and Ebert!’ strongly 

upport the belief that streptomycin is 
acteriostatic, while isoniazid is bac- 
eriocidal. Odcestreicher and col- 
agues** recently reported findings 
hat are pertinent to this present study. 
‘hey showed that the pathogenic po- 
entialities of isoniazid-resistant mu- 
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tants of the tubercle bacillus are 
strictly limited. 

The precise mechanism by which 
these compounds act is vet to be shown 
experimentally. From the material now 
available, however, it seems justifiable 
to assume: 1) that the over-all num- 
ber of bacteria is reduced, 2) that in 
this reduction there is actual destruc- 
tion of a large number of tubercle 
bacilli which probably permits free 
diffusion of their various chemical con- 
stituents throughout the tissue, 3) that 
the resulting mutants are pathogenet- 
ically different, and 4) from studies 
conducted in this laboratory, the 
metabolic process of the remaining 
bacteria can be rejuvenated with time 
and the proper cultural conditions. This 
has been most strikingly shown in ma- 
terial taken from closed cavities and 
tuberculomata. 
have demon- 
strated conclusively that the several 
chemical components of the tubercle 
bacillus can cause specific inflamma- 
tory reactions when separately injected 
into the experimental animal. The sum 
of these make up the classical patho- 
logical picture of tuberculosis. 

The above results indicate that these 
experiments are repeated in a modified 
form when the disease is treated with 
chemotherapeutic agents. This is par- 
ticularly well illustrated in those pa- 
tients receiving isoniazid. A certain 
number of tubercle bacilli are killed by 
the drug. The body defenses cause 
destruction of the dead organisms, and 
the various chemical constituents are 
treed. Following diffusion into the sur- 
rounding tissue, each may call forth 
its own explicit infl: immatory reaction. 
Specific examples illustrating this phe- 
nomenon are the atypical number, form 
and location of the giant cells and the 
unusual collections of lymphocytes in 
the most unanticipated sites. It is of 
singular note that these two inflamma- 
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tory elements were not infrequently 
found together 

The quantitative reduction of the 
caseous necrosis and the perifocal exu- 
dative reaction are the result of an 
aborted early stage during which the 
. paralyzing effect on the 
tubercle bacillus. The complete fibrosis 


drug exerts 


of the miliary lesion, the appearance 
of more florid granulation tissue and 
the exuberant overgrowth of collagen 
represent a more aggressive response 
with strengthening of the body's de- 
fensive and reparative capacity. 

Of special interest is the phenomenon 
of cavity healing. Histologically, the 
pattern of repair was a logical one. The 
original caseum and degenerate granu- 
lation tissue ap peared to be replaced 
by more fibrinous necrosis (Fig. 5 [A] 
C]). With the quantitative reduction 
of the caseous membrane, a fresh, ro- 
bust appearing exudate 
infiltrated the adjacent wall (Fig. 5 
[B]). It was composed of large num- 
bers of lymphocytes, fewer monocytes 
and plasma cells and an occas ional 
epithelioid and vacuolated giant cell 

Fig. 6). Infrequently eosinophils ap- 
peared. As healing progressed, the exu- 
dation gradually cleared leaving only 
a compact network of healthy appear- 
ing fibrocytes (Fig. 7). This was the 
end-stage cavity above. 

Before the era of specific drug ther- 
apy, the mechanism just described was 
an extremely rare occurrence. It was 
still very infrequent with the adminis- 
tration of less effective agents, such as 
streptomycin. With the addition of 
isoniazid present findings indicate that 
it is now not rare. 

The majority of the patients supply- 
ing material to this study were receiv- 
ing isoniazid prior to operation. A tew 
received only streptomycin as_ the 
principal drug. In view of the experi- 
mental evidence cited above, it is not 
difficult to conceive of an adequate 


drug concentration within the cavity. 
The relative cflectiveness of these two 
drugs has already been pointed out. 
With their ability to obstruct bacterial 
activity, the body defenses are more 
easily mobilized and the necrotic de- 
bris is cleared away. The following 
paper presents strong evidence to sup 
port the concept of complete  steriliza- 
tion of the end-stage cavity. As will 
be discussed in greate) detail, tubercle 
bacilli could not be cultured even after 
prolonged incubation. 

The findings described above have 
strong clinical implic itions. Diagnosti- 
cally, ap are generally appreciated and 

1 be eadily demonstated by Roent 
gen ray. Ther: apeutic: illy. the ‘y suggest 
the necessity of a re-evaluation of cur- 
rent chemotherapeutic and surgical 
concepts. \ more detailed clis« uSSION ot 
this facet of the problem will be given 
in the following paper after the bac- 
teriological data have been presented. 

The much higher incidence of end- 
stage cavities in the specimens studied 
here can probably be e xplained by the 
relatively high ratio of cases referred 
for surgical resection 

Summary. The pathology of pulmo 
nary tuberculosis is changing. These 
changes, based on the findings in this 
laboratory and the observations of 
others, are outlined. is believed that 
the widespread use of increasingly ef- 
fective chemother: ae is responsib le for 
this phenomenon. | athogenetically, it 
represents a modification of the classi- 
cal response of inflammation and _re- 
pair. The two most currently successful 
drugs, streptomycin and isoniazid, have 
the ability to attack the tubercle bacil- 
lus directly. By doing so, they mate- 
rially aid in the prevention of multipli- 
cation, slow down metabolic processes 
and, in the case of the latter, permit 
actual destruction of the micro6rgan- 
ism. The pathologic evidence given 
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here is indirect. The bacteriologic find- ployed, the pathology of pulmonary 
ings given in the following paper are tuberculosis will present an even more 
derived from the same material and — striking metamorphosis. As a conse- 
offer further valuable data. These ob- quence, a re-evaluation of the current 
servations indicate that, as more com- concepts of both medicinal and surgical 
petent drugs are discovered and em- therapy seems to be indicated. 
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Tuis second paper is built around 
two very distinct and fundamental 
problems encountered in pulmonary 
tuberculosis and their pathobacterio 
logic correlation. The first concerns the 
possible autonomous or drug. steriliza 
tion, or both, of the tuberculous lesion. 
This necessarily includes any changes 
in viability or metabolic activity of the 
tubercle bacillus. The second problem 
concerns the adaptive modification of 
viable bacilli by the chemotherapeutic 
agents. 

Several workers (Beck and Yegian?, 
D’Esopo et al.*, Medlar*, Medlar, Bern- 
stein and Steward'’, and Yegian'’) in 
recent years have found lesions within 
the human body to contain microscopi- 
cally visible acid-fast bacilli that do not 
grow on culture media, thus, empha- 
sizing the question of life or death of 
these tubercle bacilli. This observation 
is not new, for it was demonstrated in 
1929 by Griffith® and later by Sweany". 
This phenomenon therefore, did occur 


prior to the advent of antituberculosis 
drugs. It cannot be assumed then, un 
der these conditions, that drugs are 
solely responsible for this nonpropa 
gable condition of tubercle — bacilli 
D'Esopo and associates have stated 
that bacilli die in certain tuberculous 
lesions even without the benefit of 
drugs. Canetti® has stated the ratio of 
microscopically visible to — cultural 
tubercle bacilli increases as does the 
development of caseum. It may be true 
that antituberculosis drugs have in 
creased this noncultural status of visible 
bacilli. It is certainly true that chemo- 
therapy has increased thé occurrence 
of this phenomenon. Also, it may be 
that increasing interest in the bacteriol- 
Cg and pathology of resected tissues 
and their availability have contributed 
to the increasing incidence. 

Several investigators have been con- 
cerned with this noncultural status of 
visible acid-fast bacilli, many propos 
ing they are dead (Hobby et al’), 
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others claiming they are alive ( Dubos’, 
Hobby et al.7, and Vandiviere, Willis 
and Gentry!® 

This question of “life” or “death” of 
the tubercle bacilli is not paramount 
in all lesions. Many do follow normally 
expected patterns of behavior, where- 
by microscopically visible acid-fast 
bacilli produce living virulent 
colonies 

In respect to these bacilli that are 
visible but not necessarily viable, the 
question naturally arises: Is this phe- 
nomenon entirely the result of normal 
hody mec hanisms and the phy sicochemi- 
cal state of the lesion, or does the drug 
iffect the normal body mechanism’s ca- 
pacity to produce these unusual re- 
sults? Does the failure to grow repre- 
sent inadequacy ot present techniques 
to demonstrate life? If so, then this 
would not be a criterion for death. Modi- 
fications of the living processes of the 
bacilli may have made it difficult to 
recognize the inner status of these 
daptable microorganisms. Significant 
reduction in metabolic activity could 
easily result from lowered Os tension, 
long-chain fatty acids, enzymes and 
other biochemical or physicochemical 
environmental influences. An extension 
of the normal incubation periods has 
been suggested previously as a means 
of obtaining growth with these difficult 
bacilli. Willis, Vandiviere and Gentry" 
used extension of incubation alone, and 
Hobby et al.? used extended incubation 
with a modification of classical tech- 
niques, 

It is intended in this study to: 1) 
offer some ‘between 
these aforementioned findings; 2) 


relationships 


propose certain possibilities as to 
why some bacilli reproduce normally, 
vhy others require adjustments before 
life” is manifest, and why others never 
eem to revive; and 3) evaluate the 
possible interactive influences of drugs 
ind the host with various type lesions. 
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Materials and Methods. Surgically remov- 
ed specimens were examined and dissected by 
the anatomist immediately following the op- 
eration, using aseptic technique. Lesions were 
located by dissection along the bronchi. The 
contents of the cavities, tubercles, and other 
lesions were scraped, washed, and a portion 
of the wall removed, so that samplings were 
representative of the whole of the lesion. 
Precautions were taken to prevent transfer 
of material between lesions. Each sample 
was transferred straightway to the bacteriol- 
ogist for microscopic, cultural and animal 
processing. After complete fixation the speci- 
men was redissected and carefully re-examined 
by the pathologist and selected blocks re- 
moved. The gross findings were then com- 
pared with those observations made pre- 
viously. All entries were verified on the basis 
of the prior criteria established for each lesion. 
Cavities were classified as of three types: 

1. Open: Those classical in structure, with 
thick walls, with a patent bronchus, and con- 
taining air and caseum 

2 Closed: Those similar to (1) except 
for the absence of a bronchial communication. 

3. End-Stage: Those considered the ulti- 
mate in open-healing, which may or may not 
have had a patent bronchus. They were clean, 
thin, slick, shiny-walled cavities described in 
detail in the preceding paper (1). 

The other lesions, tubercles and tubercu- 
lomas, were classified according to appear- 
ance and size. The solid, caseous, necrotic 
lesions of less than 1 cm. were arbitrarily 
designated as tubercles and those 1 cm. ot 
greater in diameter were considered tubercu- 
lomas. 

Direct smears were made from each lesion 
prior to processing for culture or animal in- 
jection, or both. All specimens were processed 
by homogenization with 4% NaOH, neutral- 
ized and planted on Jensen and Holm’s modi- 
fication of Loéwenstein’s medium (Melvin 
et al.1!), The usual and acceptable prac- 
tice is to observe cultures for 6 to 8 weeks’ 
incubation and report as positive or negative 
at this period. This has not been the practice 
on these resected specimens. All lesions dis- 
cussed herein represent material that has 
been planted on culture media, incubated at 
37.5° and observed at regular intervals for 
at least 6 months following the date of resec- 
tion, and many have had 18 months’ incuba- 
tion and observation. Other techniques were 
used on many of the specimens such as that 
described by Hobby et al.7, liquid medium 
with human plasma, and others, but none 
had produced significantly better results 
than the classical technique with extended 
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incubation. Therefore, those results are not 
included in this study 

Drug sensitivity tests were made on the 
original material from each specimen or each 
culture, or both, as soon as growth became 
apparent. For these tests the drugs were 
incorporated into Lowenstein’s medium. 


Results. This study embraces 48 open 
cavities, 22 closed cavities, 17 end-stage 


cavities as well as numerous tubercles. 
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were living and capable ot reproduc 


tion, and all but one grew in the nor- 
mal incubation period of 8 weeks. The 
one that grew on extended incubation 
required only approximately 3 months. 
These 33 patients varied considerably 
in the duration of chemotherapy prior 
to operation, all of them on combined 
therapy. Thirty-one of the 33 patients 
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22 = OPEN CAVITIES | 
NO PATIENTS#33 | 
NO LESIONS *48 | 


CLOSED CAVITIES 
NO PATIENTS*20 
NO LESIONS *22 


2 225 
L NONE 
POS. 8 WKS POS. EXT. INCUB POS. 8 WKS POS. EXT. INCUB 

Fig. 1.—The bai graphs depict two types of classical cavities, the major physic il difference 
being the status of a bronchial communication. Each “brick” of the bai represents a specific 
cavity. Dotted lines indicate the number of cavities per patient, each total space between solid 
lines representing one patient. A solid block under “smear” represents “positive.” The solid 
blocks under “drug” illustrate the drug used prior to surgery. “A” are those specimens positive 
by culture, “B” those positive only on extended incubation, and “C” those still negative. Th 


blocks in the cultured groups represent the drug susceptibility results 


tuberculomas and granulation tissue 
from 84 patients. All patients had _ re- 
ceived antituberculosis drug therapy 
and bed rest for varying periods of 
time. 

Of the 48 opefh cavities (Fig. 1) 45 
(94%) produced tubercle bacilli that 


received streptomycin (mean 14.5 mos. 


9.3): the same number received 
para-aminosalicylic acid (mean 8.8 
mos. + 5.9): and 21 of the 33 received 


isonicotinic acid hydrazide (mean 14 
mos. + 10.9). But in spite of this wide 
variation in chemotherapy prior to op- 
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eration, the tubercle bacilli recovered 
from this type of cavity, on 8 weeks’ 
incubation, were, almost invariably 
(84%), resistant to one or more of the 
drugs used prior to removal of the 
tissue. 

Results from the closed cavities ( Fig. 
|) were in startling contrast to those 
from the open cavities. Twenty-two of 
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was as varied as that of the patients 
with open cavities (18 on SM with a 
mean of 8.8 + 4.4; 18 on PAS with a 
mean of 7.1] 1.0 and 11 of the 20 
ecolving INH with a mean of 6.9 
2.5). In spite of the simil: irity in treat- 
ment, there were contr: isting drug sus- 
ceptibility results between cultures 
from the open and closed cavities. All 
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"GHOST" CAVITIES 


NO PATIENTS=:15 
NO LESIONS « I7 


° 
To onve 


Fig. 2—The same schema of data analysis was used as in Fig. 1. These end-stage cavities 
comprise the main thesis of the first paper. None of these specimens has produced growth 
on culture media or disease in animals 


these closed cavities from 20 patients 
have been studied. Of these 22, not 
me has yielded bacilli showing any 
ndication of viability in the usual 8 
veeks incubation time, but 9 (417) 
lid produce growth on extended incu- 
ation. The growth was manifest at 
veriods varying from 3 to 10 months 
fter planting onto media. The chemo- 


therapy received by these 20 patients 


but two of the lesions (from the same 
patient) revealed drug-susceptible ba- 
cilli and these two were only partially 
resistant to one of the drugs used prior 
to removal of the lesions. 

It should be mentioned that micro- 
scopically visible acid-fast bacilli were 
present in 87% of the open and 100% of 
the closed cavities. 


The end-stage (“ghost”) cavities 


| 

| 
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Fig. 2) and their pathological devel- 
opment were discussed at length in 
the preceding paper. Again, the bac- 
teriological, as well as the pathological, 
data suggest strongly these to be the 
end-stage cavity. From these 17 end- 
stage cavities of 15 patients, two aspects 
predominate: 1) fewer cavities were 
positive microscopically, but even 
though acid-fast bacilli could be dem- 


The data from tubercles and tubercu 
lomas are given in Fig. 3. In the tu- 
bercles fewer smears were positive 
(73%) than in the open and closed 
cavities, but more were positive than 
in the “ghost,” or end-stage cavities. 
The tuberculomas were microscopically 
more similar to the closed cavities but 
not so culturally. Very few (6% of 
the tubercles and 15% of the tubercu 


THE TREATED PULMONARY LESION 
: AND ITS TUBERCLE BACILLI 
TUBERCLES TUBERCULOMAS 
NO PATIENTS = 32 NO PATIENTS +18 
NO LESIONS = 48 NO LESIONS =.26 
| C< 
> 
Ay NONE 
TOTAL POS. 8 WKS POS EXT. INCUB POS. EXT INCUB 
KEY 
as 
ig ) The same schema applies as In Fig lL. These two series are the same type lesion 
pathologi: lly, the size being the only criterion for distinguishing the tubercles 1 cm 
and tuberculomas (1 cm. or l cm 
onstrated in 9 (53%) only one to five lomas) of these lesions produced 


bacilli could be demonstrated per 
microscopic slide. This is certainly less 
in total number than the open cavities 
(one to five per field) or the closed 
cavities (1 per 20 to 25 fields) dis- 
cussed above; 2) even when bacilli 
were present, none grew, even after 
periods of incubation extending up to 


2 years. 


growth with either 8 weeks or ex- 
tended incubation. The bacilli that 


grew from these few tubercles did so 


in 8 weeks. The difference between 

the two periods of incubation was not 

significant for the tuberculomas. 
Discussion. ON THE MATERIAL FROM 


THE OPEN Cavity (Fig. 1). It appears 
that the open cavity offers ideal growth 
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conditions, such as the free flow of 
tir and body fluids necessary to main- 
tain tubercle bacilli in a relatively high 
state of metabolic activity. Thus when 
nm cavities are 
removed and placed on media, the 
pote ntial growth would be expected to, 
and does, appear within the usual pe- 
riod of less than 8 weeks. 

When a patient has had chemother- 
apy, it is well known that drugs enter 


materials from these open 


the cavity and its wall (Barclay! and 
Steenken, D'Esopo and Wolinsky" ), 
but the drug incorporated in the body 
fluids probably enters the cavity at er- 
ratic intervals and in varying degrees of 
concentration. This should provide 
within the cavity conditions similar to 
those one would establish in the labora- 
tory to develop resistant strains. Thus 
the drug would probably have a great 
deal of influence on the bacilli in the 
open lesion. If so, the drug effect would 
be either lethal to the bacilli or would 
force them to develop resistance to the 
drug and continue life and a normal 
metabolic state. Apparently this is ex- 
actly what occurs. Those that were 
capable ot reproduction on artificial 
media demonstrated growth within 8 
weeks and were, in general, resistant to 
one or more of the drugs. As to the 
lethal effect on tubercle bacilli, it seems 
that very few open cavitary lesions are 
ictually free from viable bacilli, with 
the exception of those cavities that 
reach the end-point of healing, as ex- 
emplified in the “ghost” or end-stage 
ivities. 

ON THE MATERIAL FROM CLOSED CAVI- 
ies (Fig. 1). In the closed cavities, 
‘rowth conditions are far from ideal. 
Media and oxygen, which Novy and 
Soule!? demonstrated to be necessary 
or multiplication of tubercle bacilli 
n vitro, are in short supply. Lactic acid 
rmation trom glycolytic metabolism, 
mg-chain fatty acids released by en- 
ymatic action, and normally bacterio- 
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static tissue substances may be abun- 
dant in this type of lesion. All of these 
factors could be responsible for a re »duc- 
tion of metabolic activity in tubercle 
bacilli. Certainly, bacilli may be cul- 
tured from these lesions in fewer in- 
stances than from open lesions. This 
reduction could make the demonstra- 
tion of viability of the tubercle bacilli 
extremely difficult, even without the in- 
Huence of drugs. Also, the normally 
inhibitory concentrations of drug might 
tail to affect tubercle bacilli existing 
at such a low level of metabolic activity. 
If this state of dormancy _ lasted 
long enough, the normal _ effect 
of host resistance would be sufficient 
to reduce the total number of bacilli 
in the cavity (Canetti®). This could, 
with sufficient time, reduce the viable 
units, finally leading to sterilization of 
the cavity. 

In these lesions fewer bacilli are 
found microscopically, per examined 
specimen, than in open, exudative le- 
sions. Not only are the bacilli less in 
number but many acid-fast granules are 
seen. These facts are interesting and, 
obviously, have some significance but 
certainly one bacillus per 20 fields is 
still a sufficient number to give a highly 
positive culture if they were metaboli- 
cally active. 

Apparently the lesion which has pre- 
cipitated the greatest concern among 
investigators is this closed cavity. Here, 
life or death is most difficult to estab- 
lish. With the data from classical open 
cavities, it seems obvious that the bacil- 
li are living. The results from the end- 
stage cavities suggest almost as em- 
phatically, death. But closed lesions 
are debatable. It would be of un- 
limited value if bacteriologic tech- 
niques of viability testing could be 
accomplished on the bacilli as they 
occur in lesions. Such is not the case, 
and conclusions are retrospective at 
best. However, it does seem significant 
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that the closed cavities were the group 
in which extended incubation proved 
its value. The long incubation prior 
to manifest growth and the fact that 
the majority of cultures were still sensi- 
tive to drugs infer apodictic intormation 
concerning the tubercle bacilli: 1) the 
bacilli were in a low metabolic state 
and thus needed a period of readjust- 


ment; 2) the microérganisms were it 
such a state of metabolism and environ- 
ment that drugs were ineffective. 

ON MATERIAL FROM END-STAGI 

“GHOST cavities (Fig. 3). These 
cavities contained very few tubercle 
bacilli and they failed to grow regard- 
less of the manner of treatment or the 
duration of the incubation period. It 
is suggested that this remaining cyst 
is the combined result of efficient drug 
therapy and host resistance. Pathologi- 
cally and bacteriologically, it is the end- 
stage ot cavity healing. Yet clinically, it 
leaves much to be desired so long as 
the cavitation, and potential disaster 
area, remains for future secondarw in- 
tection. 

ON GENERAL CLINICAL IMPLICATIONS 
The pathological findings in the pre- 
vious paper and bacteriological 
data given in this one present valuable 
basic information that should assist in 
answering the following oft-raised and 
vital clinical questions: 

(1) Does the increasing incidence of 
end-stage cavities with patent bronchi 
iinply that surgical intervention may be- 
come less frequent? On the contrary, 
may it with equal justification be held 
that removal of such areas will be de- 
sirable in anticipation that they could 
become the seat of troublesome and 
recurrent “cystic,” nontuberculous_ in- 
fection? Or could it be that collapse 
therapy might lead to closure of these 
areas on the bass that the walls should 
collapse easily and their surfaces ad- 


here and, thus, the seat of future 
“eystic” disease be removed? 

(2) Classical caseous and_ thick 
walled open cavities have produced a 
high incidence of drug-resistant tu- 
bercle bacilli. Does this stress the need 
of earlier operation, so that bacilli will 
still be susceptible to at least one major 
drug at the time of operation? 

{ 
the obvious importance of using the 


Do these results re-emphasize 


most effective drug (INH) as early as 
possible in the course of the disease? 
This inference is based on the manifest 
restraint on tubercle bacilli, the result- 
ing reduction in caseum and the en- 
hancement of collagen formation with 
localization of infection by the host. 
This interactive sequel results in the 
salvage of pulmonary function. 

(4) Encapsulated caseous lesions 
comprising closed cavities, granulation 
tissue, tuberculomas and tubercles are 
readily diagnosed by Roentgen ray. 
They vielded 98% positive smears but 
only 29% viable bacilli, and 75% of 
these were susceptible to drugs. 
Again, the pertinent question is raised: 
In patients with this type of disease, 
is surgery the treatment of choice? 

Summary. 1. This is a study that in- 
volves pathological and bacteriological 
investigation of pulmonary tissue re- 
moved surgically in the course of the 
treatment of tuberculosis. In it there 
were 48 open cavities, 26 closed cav- 
ities, 17 end-stage cavities and other 
lesions from 84 patients. All patients 
had received combination chemother- 
apy of varying duration. 

2. From 48 open cavities, 44 (92%) 
produced positive cultures which grew 
in 8 weeks. One culture required 3 
months to grow. The cultures were, in 
general, resistant to one or another of 
the major drugs. 

3. From 22 closed cavities, no bacilli 
grew on culture within the usual 8- 
week period. In 9 instances (41%), cul- 
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tures grew on extended incubation from 
3 to 10 months. 

1. From 17 end-stage cavities, bacilli 
were found microscopically in 9, but 
none grew on culture, even on extended 
incubation 

These bacteriological and pathologi- 
cal ( Paper 1) data demonstrate obvia- 
tion of the tubercle bacilli in certain 
lesions. This allows the normal body 
mechanisms and physicochemical status 
to produce the end-stage cavity. 

The closed cavity with its hiber- 
nating bacilli is apparently the result 
of normal body mechanisms with little 
drug effect manifest within the cavity. 
It was in this type of lesion that ex- 
tended incubation demonstrated _ its 
greatest value by increasing the prop- 
agability of the latent bacilli. 

\ high percentage of the classical 
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open cavities revealed rapid growth and 
the bacilli were generally resistant to 
drugs. These are interpreted as drug 
failures insofar as the cavity and _ its 
bacilli are concerned. 

These suggestions indicate eloquently 
that the whole story is not known, and, 
if proper enzymes (Pope’™*) or further 
improvements of techniques are intro- 
duced, more of these bacilli that are 
“dead” may actually be alive. One type 
of lesion (closed cavities ) has revealed 
bacillary life where the fact of viability 
was doubtful. There may be other in- 
stances yet unknown. There are. still 
bacilli that can be seen but do not grow 
with this technique. What will happen 
to them in the body? Will modified en- 
vironmental conditions bring them to 
lite? What is the future fate of these 
adapted tubercle bacilli? 


The cooperative aid in this investigation of Doctors William F. Hollister, 


Richard M. Peters and Verne E. Chaney, surgeons, is acknowledged with greatest appreciation, 
is is the valuable assistance of Mr. William A. Weed. medical illustrator. 
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glycolytic enzyme, aldolase, was 
first demonstrated in the serum of rats 
by Warburg and Christian'’. They ob 
served that it was consistently elevated 
in rats with large tumors. Employing 
au new method for the assay of aldo- 
Sibley 
firmed these original observations and 
extended the 


lase, and Lehninger!?:'* 


con- 


study to a series of nor- 
mal human subjects as well as patients 
with malignant neoplasms. They found 
that 20% of the persons with malignan- 
cies had a significantly increased serum 
level of this « nzyme. Recently, increas- 
ed serum aldolase activity has been 
demonstrated in a variety of conditions 
including pulmonary infarction, periph- 
eral gangrene, severe pneumonia, hem- 
orrhagic pancreatitis, severe hemolytic 
anemia, malignancy, acute hepatitis, as 
well as in experimental liver necro- 
sis* 14.15, On the other hand, it has also 
been reported that the decrease of aldo- 
lase activity found in striated muscula- 
ture of patients with progressive muscu- 
lar dy strophy is associated with a con- 
comitant this enzyme in 
It was shown similarly that 
experimental nerve transection is fol- 
lowed by 


increase of 


10 


. 
serum 


an increase in serum aldo- 
lase in conjunction with a decline in 
the activity of this enzyme 
Since 


in muscle 
aldolase is normally 
present in both skeletal and heart mus- 
cle, it seemed reasonable to expect a 


tissue-~”” 


( 38 ) 


hyperaldolasemia in human myocardial 
infarction and possiblv in experimental 
ly induced coronary The 
this intracellular enzyme 
from damaged cells has been proposed 
to be the 
aldolase’. Such assumption should also 
permit the establishment of a semi 
quantitative correlation between the ex- 
tent of and the 
serum aldolase level. This hypothesis 
prompted the present experiments in 
tended to determine whether increased 
serum aldolase activity 


occlusion. 
release ot 
reased 


source of serum 


mvocardial necrosis 


dem- 
onstrated in dogs subjected to ligation 
of the 
levels. Furthermore, preliminary clin 
ical studies were initiated to investigate 
the applicability of the experimental 
data to human myocardial infarction. 


could be 


coronary arteries at various 


Material 


Ure | dogs, 


and Methods. A. Twelve mon 
weighing from 15 to 20 kg. each 
were subjected to a ligature of the descend- 
ing branch of the left coronary 
the bifurcation of the left 


was considered 


be low 
his 


second 


artery 
main artery 
a high ligation. In a 
LO dogs a 
below the .origin of the septal artery from 


the descending ramus of the left 


group of suture was placed just 


coronary 
artery. This was termed a low ligation. In an 
other series of 10 control dogs a sham opera 
tion was carried out which was identical with 
the actual procedure in the other 
except that the arteries 

violated. After 
barbital anesthesia in a 
per kg., an endotracheal 


animals 
coronary were not 
intravenous sodium pento- 
dosage ot 40) 


tube 


was inserted 
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under laryngoscopic guidance and attached 
to a mechanical respirator. Under aseptic 
conditions the left side of the chest was ex- 
plored through the fourth intercostal space 
whereby the left atrium and the left coronary 
irtery were adequately exposed. The liga- 
tures were then placed at the prescribed sites 
around both artery and vein or following 
isolation of the artery alone. 

Serum aldolase determinations were carried 
out in all animals prior to operation and 
daily thereafter for at least 3 days. In two 
animals, serum aldolase determinations were 

uried out preoperatively and for 7 and 8 
consecutive hours respectively, after high 
coronary ligation. All animals were sacrificed 
within 3 to 10 days following coronary artery 
ligation and the hearts were examined grossly 


ind microscopically to substantiate occlusion 
of the vessel and to evaluate extent of necro- 
ind the phase ot he iling 


Tissue aldolase activity of intact and ne- 
otic heart muscle was studied in 14 animals 
~ } 


which 7 had been subjected to coronary 


ition. Normal heart muscle was removed 
from the posterior wall of both ventricles as 
well as from the anterior wall of the right 
ventricle. Similarly, normal or infarcted myo- 
dium was obtained from the anterior wall 
of the left ventricle at various time intervals 


following the operation. Serum as well as 
tissue aldolase determinations were carried 
ut i ording to the rie thod ot Sibley and 
Lehninger! 

B. In pre liminary clinical studies on 8 pa- 
tients with acute myocardial infarction and 
5 cases di d as coronary insufhic iency 


verification of the experimental data was 
ought. Daily determinations of the serum 
ildolase were « irried out 


Results. A. The preoperative serum 
aldolase level all animals studied in 
this series was in accord with that 
previously established as normal for 
this species, 15.71 units per ml. (S.E. 

1.01)°. The control animals showed 
a rise to 39.7 units per ml. on the first 
day after sham operation (Fig. 1). This 
value remained at a plateau level for 
the next 24 hours, at the end of which 
time it was 39.1 and declined subse- 
quently to 35.1, 24.0, and 18.1 units 
per ml. three, four and five days after 
surgical intervention. Animals with low 
coronary ligation exhibited a sudden 
rise of the mean serum aldolase level 
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to 61.2 units per ml. 24 hours and 62.1 
units per ml. two days after coronary 
ligation. From then on, the values de- 
creased to 44.0, 26.4, and 7.8 units 
per ml. on the third, fourth, and fifth 
days after operation respectively. The 
animals subjected to a high coronary 
ligation had the highest mean serum 
aldolase level observed in this study. 
It reached a peak of 95.4 units per ml. 
24 hours after operation. The mean 
value declined to 66.1, 61.8, 35.2, and 
20.3 units per ml. on the second, third, 
fourth, and fifth days after operation. 
None of the animals displayed any 
complications during this interval. The 
hourly serum aldolase determinations 
in two animals with high coronary liga- 
tion revealed a significant rise within 
2 hours after operation. The values 
rose steeply during the observation pe- 
riod of 7 and 8 hours, respectively 
(Fig. 2.). 

The mean tissue aldolase activity of 
normal heart muscle, regardless of its 
topographic origin, was 12.9 
units per gm. of noncollagenous pro- 
tein (NCP). The corresponding mean 
values of infarcted myocardium were 
considerably less, namely 3.6 104 
units per gm. of NCP. 

Gross inspection of hearts with high 
coronary ligation disclosed a wedge- 
shaped, yellowish, soft, well-demarcat- 
ed area of necrosis which was observed 
up to the fifth day. In these animals, 
the infarct extended from the ligature 
at the base of the heart to the apex 
and usually involved almost the entire 
thickness of the left ventricle in an 
area of approximately 4.5 & 3 cm. In 
the specimens with low ligation, a 
similar type of altered tissue a iced 
the heart muscle but involved a cor- 
respondingly smaller area of te L5 

1.5 cm. Seven days after experi- 
mental coronary closure, large areas of 
gray-white, moderately firm, vascular- 
ized tissue were noted. Microscopic 
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studies of all dog hearts with coronary 
ligation disclosed the presence of ex- 


tensive myocardial 


seventh day. Granulation tissue, in 


varying stages of healing, was seen 
when the animals were killed between 


LEVEL 


necrosis whenever 
the animals were sacrificed before the 
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tions. Another patient with an aldolase 
value of 78.6 units per ml. expired after 
onset of infarction. Electrocardiograph- 
ically, proof of an acute infarction 
was established in all 


Patients with a moderate aldolase 


instances. 


the seventh and the tenth days. 
B. The established normal value of 
serum aldolase in human adults is 7.14 


elevation, generally, fared better than 
those with very high serum aldolase 
levels. None of the 5 patients with 


(S.E 0.73) units per ml. In the 8 coronary insufficiency displayed in- 
i LB,5/yrs,9 
Posterior Wall Infarction 
26 4 
Cor onary Insuff ciency 
> \ 
18 
| 
Normal 7.14 Units /mi 
\ S.E. 0.73 
\ 
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\ 
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1 5 4 13 Ta 2s 2 33 wt @ 
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Daily serum aldolase levels in a patient with acute myoc ardial infarction and in a 
patient with coronary insufficiency. 


cases of acute mvocardial infarction, 


creased serum aldolase activity with- 
the serum aldolase rose to reach peak 


in an observation period of up to 6 


values ranging from 29 to 112 units weeks. 
per ml. within 24 to 48 hours after Discussion. In a recent survey of 
mset of initial symptoms of coronary 


the aldolase level in sera of approxi- 
mately 900 patients with a wide variety 
of diseases, it was observed that ab- 
normally high levels of this enzyme 
occurred rather infrequently and were 
usually associated with acute and ex- 
tensive tissue injury such as occurring 
in cancer, leukemia, extensive periph- 
eral gangrene, acute hemorrhagic pan- 


clusion (Fig. 3). It rapidly declined 
to normal levels on the fifth day of the 
lisease. In view of the preliminary na- 
ture of the clinical study no statistical 
lata were established. One patient 
vhose serum aldolase level reached 112 
inits per ml. expired within 36 hours 
ifter the onset ot clinical manifesta- 


+2 The 


creatitis, large pulmonary infarcts, or 
Similarly, in 
number of patients with progressive 


acute hepatitis’ a large 
muscular dystrophy, a considerable in 
crease of this enzyme was observed*"". 
It is believed that in some of these con- 
the 
levels are 


ditions elevated serum aldolase 
due to extensive tissue de- 
struction leading to excessive liberation 
of this enzyme to such a degree that 
it cannot be cleared rapidly enough 
the circulation'’, On the other 
the this 


glycolytic enzyme in serum, as reported 


trom 


hand, sustained 


increase of 
in patients with slowly evolving pro 
eressive muscula dystrophy mav be 
the result of 
continuing 


release of from 


striated 


enzyme 
muscle degenera 
tion. 

The rapid rise of serum aldolase 
in human myocar- 
dial infarction and in dogs with experi 


levels as observed 


mentally produced coronary occlusion, 
seems to bear out the previous assump 
tion that 
liberation of this enzyme with subse 


mvocardial necrosis leads to 
quent hyperaldolasemia. Adverse en- 
vironmental slice 
for example, insufficient 


oxygen or 


conditions in tissue 


experime nts 
amounts ol inadequate 


amounts of glucose) lead to prompt 


liberation of tissue aldolase'®. These 
observations have been made _ both 
from fresh slices of the Walker carcino- 
sarcoma and from normal liver. The 


same confirmed 
in which the 
production of focal hepatic necrosis 
in the rat by inhalation of carbon tetra- 
chloride resulted in a pronounced, but 
transient elevation of serum aldolase" 

It is of particular interest that the 
animals with low coronary artery liga- 


phenomenon 
further by 


was 
recent work 


tion attained a considerably lower al- 
dolase peak serum level than dogs with 
high ligation. It thus appears that, in 
experimental myocardial infarction, a 
semiquantitative relationship exists be- 


tween the serum aldolase level and 
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the amount of necrosis in the heart 
muscle. The slight rise in serum aldo 


lase in dogs subjected to the sham 
procedure, was attributed to skeletal 
muscle destruction attending surgical 
manipulation. 

Preliminary studies of patients with 
acute coronary occlusion have confirm- 
ed the experimental data inasmuch as 
the aldolase levels were higher in those 
individuals who were clinically more 
severely affected by the coronary occlu- 
sion. Furthermore, our studies clearly 
indicate an inverse relationship between 
the amount of aldolase in myocardium 
and serum after coronary ligation. The 
necrotic tissue contained a significantly 
decreased aldolase concentration as 
compared with normal heart muscle 

We have previously reported a semi- 
quantitative relationship between the 
extent of mvocardial necrosis and the 
plasma fibrinogen concentration in ex- 
and 


\\ hile 


the elevation of fibrinogen level, par- 


perimental coronary occlusion 


human mvocardial infarction”. 
ticularly in man, extends over a period 
of more than 2 weeks corresponding 
enzvme values tend to return to nor- 
or This 


seems to apply to both serum aldolase. 


mal within 5 davs at most 


as described herein, as well as the re- 


cently reported 
On the other hand, enzyme values tend 
the 
preceding the increase of other blood 


constituents, for example, fibrinogen, 


to rise very early during illness 


C-reactive protein, mucoproteins, glob- 
ulins, and so forth. Whereas the serum 
in all 
8 patients with acute myocardial in- 
farction included in this study, electro- 
cardiographic abnormalities in two of 
these patients appeared 24 and 48 
hours respectively after the concentra- 
tion of this enzyme rose. 


aldolase levels rose significantly 


In coronary insufficiency, however. 


neither fibrinogen’, serum aldolase nor 


SGO-transaminase'* exceed the range 


Volk et 


of normal values. The persistence of 
normal values in this condition is taken 
to indicate the absence of myocardial 
necrosis and may be used in the dif- 
ferentiation of coronary insufficiency 
from myocardial infarction even when 
electrocardiographic studies yield am- 
biguous results. 

Because of the simplicity of the 
procedure, it is believed that the deter- 
mination of the serum aldolase may 
provide an additional useful tool in the 
early diagnosis of acute coronary occlu- 
sion. observations, experimental 
and clinical, seem to indicate that it 
may well supplement electrocardio- 
graphic studies. Particularly when car- 
ried out in conjunction with determi- 
nations of SGO-transaminase and plasma 
fibrinogen, it may provide a method 
of estimating the extent of myocardial 
necrosis and thus contribute to the 
clinical evaluation with regard to ther- 
apy and prognosis. 

Thirty-two mongrel 
dogs were subjected to pericardiotomy. 


Summary. |) 


SERUM ALDOLASE LEVEL 
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The descending branch of the left cor- 
onary artery was then ligated in 12 
animals just below the bifurcation, thus 
producing a high ligation. In 10 animals 
a low ligation was performed. The re- 
maining 10 animals served as controls. 

2) Serum aldolase levels were 
studied daily in all animals and at 
hourly intervals for 7 and 8 hours, re- 
spectively, in 2 dogs with high coronary 
ligation. 

3) There was a considerable and 
rapid rise of the serum aldolase in all 
coronary-ligated dogs postoperatively. 
\ semiquantitative relationship be- 
tween the area of myocardial necrosis 
and the serum aldolase was 2 peg 

4) In a preliminary clinical study, 
patients with acute myocardial infarc- 
tion displayed a considerable rise of 
the serum aldolase level in accordance 
with the approximé ate severity of the 
clinical course. In 5 patients with cor- 
onary insufficiency the serum aldolase 
remained normal. 
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CLEARANCE OF RADIOACTIVE IODINE FROM THE LOWER 
EXTREMITIES OF PATIENTS WITH MYOCARDIAL INFARCTION® 
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IN the course of a study on the clear- death of the patient. None of the patients 


eee . studied 1 congestive heart { ‘ enous 

ance of various radioactive isotopes tudied mee ty failun 
yressure and circulation times were all within 

from muscle, it was found that patients 


; the normal range, except for patients in shock 
who had had previous myocardial in- 


who were treated with intravenous nor 


farctions cleared tracer amounts at a epinephrine Levophed In these patients, 


much slower rate than normal sub- clearances were done during the administra 


jects’. The present study is a further n of Levophed a 
Tracer amounts of carrier-free in nor 

investigation of clearance determina- 

2 ; mal saline, ranging from 0.5 to 1.0 microcuri: 

tions from thigh muscles of patients were used. Radioactive iodine was chosen 

with recent myocardial infarctions. — since it has been shown that it can be used 

Serial determinations were begun as __ interchangeably with NA2* and K42 1, An are 


soon after the acute episode as possible of the thigh, about 10 cm. above the knee 


t 


and extended into the period of con- “** the injection site. A jet injector was used 
for the injection of the tracer.+ Immediately 

valescence following the injection, a scintillation tubs 
Materials and Method. Thirty-five patients © W@s lowered over the injection site and the 
with acute myocardial infarction were studied disappe arance of the injected radioactive 
Muscle clearances were done as soon as pos tracer was recorded on a counting rate meter 


sible after admission to the hospital and at and Esterline-Angus paper. The background 
intervals of 3 to 7 days until discharge or of the tube was about 1000 counts per minut 


*Supported by grants from The Los Angeles County Heart Association, The Riverside County 
Heart Association and the R. P. Scherer Corporation, Detroit, Michigan 


*°Present address Army of the United States. 


t Hypospray R. P. Scherer Corp., Detroit Michigan. Results of measurements of the disap- 
pearance of jet-injec ted tracer amounts have been shown to be more re producible than those 
obtained by needle injections!. The solution of I'3! is loaded into metapules under aseptic 


conditions. The je tzinjected solution penetrates into the muscle 


14 


The injection Is quite painless. 
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WEEKS AFTER MYOCARDIAL INFARCTION 


Results of 52 clearances of I'5! from thigh muscle in 35 patients with myocardial 
infarctions. 
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Serial clearances of I'8' from thigh in a patient with myocardial infarction. 
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rhe disappearance of the tracer 
either until half of the radio- 
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ctivity of the injected radioactive In the beginning of the study clearances 
the 
per minute 


ive ot SOOO to 20,000 counts were done at the bedside with the patients 
supine. One of the patients whose clearance 


time in the supine position had become normal 


wctivity had disappeared from the injection — in the 6th week after a myocardial infarction 
L pe riod of 30 to 60 minutes if was found to have a greatly prolonged clear 
nce was slow ance in the sitting position. Thereafter, most 
rABLE 1 EFFECT OF POSITION OF | HALF-TIME IN MINUTES 


Pa 
l 
6 
Fig 


fing Supine Sitting Sitting Su] Sof ‘ 
0) 
20) 24 1} 17 
2.) IS 22 10 ) 
10 
20) 26 17 | 
29 16 26 
10 | 
12 


_ 
\ ( R Minute 
( 
ase 
| 
S | 
|] 
\ 
| i \ 
| A 
A 
| 
H | 
a 
4 
25 Minutes 


| 


[131 clearance from arm and thigh in a patient with coarctation of the aorta 


Weeks After Myocardial Infarctior 
| \ 


Bauer et al.: 


of the patients were tested first in the supine 
position and immediately thereafter, sitting 
up with the legs hanging over the side of the 
bed and their back supported by pillows. The 
clearance of the same jet-injected dose of 
I was measured in both positions. 

Results. Figure 1 shows the clearance 


half-times of 28 healthy control sub- 


BP 


CLEARANCE OF RADIOACTIVE LODINI 47 


PATIENTS WITH MYOCARDIAL INFARC- 
rion. The disappearance of the injected 
tracer in the supine position was in the 
range of 9 to 67 minutes. 

It is apparent that in the course of 
convalescence the clearance times ap- 
proach normal. Several patients were 
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Effect of an intravenous infusion of norepinephrine on the pulse, blood pressure and 
from the thigh of a healthy subject. Supine position. The clearance determi- 


nation was done on the same jet-injected tracer dose of [131, 


jects and of 52 


tests on 35 patients 
with myocardial infarction. 

HEALTHY CONTROL suByECTS. The dis- 
appearance of half the injected tracer 
was in the range of 6 to 14 minutes 
with a mean of 9 minutes. 


in shock, sometimes due to an addi- 
tional myocardial infarction and were 
given intravenous Levophed. 

Figure 2 shows the typical course of 
events in a patient with a recent myo- 
cardial infarction. 


tS The 


Table 1 shows the changes in those 
patients in whom the clearance was 
determined both in the supine and 
sitting positions. It is apparent that in 
the first 2 weeks after myocardial in- 
farction the clearance times are gener- 
ally prolonged in the sitting position. 
This difference persists until the 5th 
week, although it was observed as late 
as 6 weeks after myocardial infarction 
and in some instances for longer pe- 
riods 
The 


lay ed ¢ learance ot 


Discussion. mechanism of de- 
tracer amounts of 
['*! from the thigh in patients with 
myocardial infarction is not clear. Al- 
though not proven at this time, it is 
suggested that the phenomenon dem- 
onstrated in this paper may indicate 
a decrease of the peripheral capillary 
bed due to either partial or complete 
vasoconstriction. Preliminary evidence 
in support of this hypothesis is offered 
by two different observations: (1) a 
patient with coarctation of the aorta 
had a clearance “half-time” of 8 min- 
utes in the right arm and 24 minutes 
in the thigh (Fig. 3 
venous 


intra- 
norepinephrine 
cause a great delay of the peripheral 
clearance time (Fig. 4) 

It is possible that the diminished car- 
diac output after myocardial infarction 
is followed by a compensatory reduc- 
tion of the peripheral capillaries or 
arteriovenous both. 
Whether it is mediated through hu- 
moral or neurogenic mechanisms, or 
whether the peripheral vascular bed is 
reconditioned after myocardial injury 
cannot be stated at this time. There is. 


and (2) 
intusions of 


anastomoses, or 


DGMEN' The authors wish 


valuabl 
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however, considerable 


experimental 
evidence that there is no relationship 
between the peripheral radioisotope 
clearance and blood flow*. 

The greatly prolonged clearance in 
the sitting position, particularly after 
the return to normal of clearances in 
the supine position, indicates a distur- 
bance of homeostasis not observed in 
normal subjects. It is unlikely that 
renal factors, such as sodium and water 
retention’, could account for this find- 
ing since it almost instanta- 
neously after change from the supine 
to the sitting position. 


occurs 


Cardiac output has been shown to be 
decreased in the chair position’. Inves 
tigations in progress at this time will 
attempt to shed light on the relation- 
ship between delayed peripheral iso 
tope clearance and cardiac output. 

Summary. |. The clearance of tracer 
amounts of radioactive iodine from the 
thigh, injected by Hypospray, 


measured in patients with recent myo- 


Was 


cardial infarction throughout conva- 


lescence. 

2. Greatly prolonged clearance times 
were found in the first few weeks after 
infarction. The clearance became nor- 
mal in the 6th week in the majority of 
patients. 

3. In a number of patients, the clear- 
ance remained prolonged in the sitting 
position once it had returned to normal 
in the supine position. 

4. These findings suggest a diminu- 
tion of the peripheral capillary bed, 
possibly due to diminished cardiac 
output. 


Benedict Cassen and Morton Lee 
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SUMMARIO IN INTERLINGUA 


Clearance de lodo Radioactive ab le Extremitates Inferior de Patientes 
con Infarcimento Myocardial 


|. Le clearance de quantitates traciator de iodo radio-active ab le femore, injicite 
per hyposparsion (“Hypospray” [R. P. Scherer Corp.]), esseva mesurate in 
patientes con recente infarcimentos myocardial durante le integre curso de lor 
convalescentia. 

2. Durante le prime septimanas post le infarcimento un grande prolongation 
del tempore de clearance esseva constatate. In le majoritate del patientes le 
clearance deveniva normal durante le sexte septimana. 

3. In un numero de patientes le clearance remaneva prolongate in position 
sedente post que illo habeva retornate al norma in le position jacente. 

1. iste constatationes suggere le occurrentia de un reduction del capillares 
peripheric, possibilemente in consequentia de un reducite rendimento cardiac. 


SUMMARIO IN INTERLINGUA 
(See page 20 for original article) 
Le Tractate Lesion Pulmonar e su Bacillo de Tuberculose 
I. Pathologia e Pathogenese 


Le pathologia de tuberculose pulmonar se trova in stato transformatori. Es 
presentate un summario de ille processos transformatori, basate super le observa- 
tiones de nostre laboratorio e le constatationes de altere autores. [ste phenomeno 
es explicate per le extense uso de progressivemente plus efficace methodos 
chimotherapeutic. Pathogeneticamente le phenomeno representa un modification 
del classic responsa de inflammation e reparatura. Le duo currentemente plus 
efficace drogas, streptomycina e isoniazido, ha le capacitate de attaccar le 
bacillo tuberculotic directemente. Per iste action illos contribue fortemente al 
prevention del multiplication del bacillos, causa un relentation del processos 
metabolic e permitte assi le complete destruction del micro-organismo. Le con- 
clusiones pathologic presentate in iste articulo ha un base indirecte. Le constata- 
tiones bacteriologic que es presentate in un secunde articulo se deriva ab le 
mesme datos e representa un material de valor additional. Nostre observationes 
indica que, in tanto que plus competente drogas va esser discoperite e introducite 
in uso general, le pathologia de tuberculose pulmonar va experientiar un ancora 
plus frappante metamorphose. Per consequente, un re-evalutation del currente 
conceptos, tanto medico- como etiam chirurgico-therapeutic, pare indicate. 
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DIAGNOSTIC AND PROGNOSTIC SIGNIFICANCE OF EOSINOPENIA 


IN ACUTE MYOCARDIAL INFARCTION 


By Knut Kirkesy, M.D. 
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| Rom ke 
observation that eosmnope nia davs. Thirteen cases di as sub- 
may be tound in febrile diseases, in the endocardial infarction also dropped to 


cachectic and in the 


state 
made than 60 vears ago". 
Naegeli, in his textbook of hematology, 


publish d 1912. gives severe infections, 


moribund 


Was more 


intoxications and surgical procedures as 
of decrease of the number of 
Selve 
found eosinopenia to be one of the 
characteristic features of the 


the CAUSE 


circulating blood eosinophils’®. 


“alarm 
reaction and evidence has been pre- 
sented that this eftect partly is medi 


ated bv the 


been shown to be present in a wide 


adrenal cortex*. It has 
variety of clinical conditions involving 
stress. 

Thus a decrease in number or a com- 
plete disappearance of the circulating 
blood eosinophils also has been found 
to be characteristic of the early phase 
infarction®, and 


of acute mvocardial 


recently an extensive studv of adrenal 


functions, including serial eosinophil 
published®. The 
author of the present article suggested 
in a preliminary report, in 1951, that 
the eosinophil count may prove useful 


counts, has been 


in the diagnosis and prognosis ot acute 
later this 
subject has been discussed by other 
Ellestad and Reed found a 


drop in eosinophils to 20 per mm.” or 


mvocardial infarction’, and 


authors? 


below for 2 to 6 days in 17 cases with 
electrocardiographic evidence of trans- 
mural infarction, staying at 50% below 
estimated normal for an average of 5 


or below but the 


these cases had an average duration of 


eosmopenta in 


2 days shorter than the previous group 
The authors stated that, in the 


ence ot equivocal electrocardiographi« 


pres 


findings, “eosinopenia may well be of 
value as an adjunct in diagnosis.” Feld- 
man et al. studied 51 patients with the 
suspected diagnosis of mvocardial in 
farction, 23 of whom had unequivocal 
signs of this disease, while it was con 
sidered probabl in an additional 5 pa- 
tients. They 


eosinophil counts above 50 per mm.” on 


found 3 patients with 
the first 2 davs following the onset of 
The 


that “the eosinopenia was nN t encount- 
enough to be of dif 


the disease. authors concluded 
ered consistently 


ferential diagnostic significance.” They 


found no consistent correlation  be- 
tween the degree and duration of the 
initial eosinopenia ind either the clin- 
the ul- 


timate prognosis. Linden, in studying 


ical severity of the disease o1 


the prognostic aspects of mvocardial 
mortality of 409 
with eosinophil 
as against 1S% among 
28 patients with higher counts’. It is 
not evident this publication 
whether the counts were made in the 


infarction, found a 


among 35 patients 


counts below 50. 
from 


early phase of the disease or not. 

The purpose of the present investi 
this 
problem on the basis of a greater clin- 


cations has been to re-evaluate 


| 


Kirkeby: EOSINOPENIA 
ical material. The work has been car- 

ried out at Lovisenberg Hospital from 

November, 1950, to December, 1952 

and at Drammen Hospital from July, 

1953. to December, 1954. 


Material and Methods. A total of 149 pa 


tients with a diagnosis of mvocardial in 
farction was studied. Only patients giving a 
history in which the onset of the disease 
ould be sccurately determined and wher 
the admissi » hospit il did not occur later 
than the fifth day were in 


cluded. Seventy-two of — the patients were 


dmitted within 24 hours following onset, 43 

the se nd day, 18 on the third and the 

est of the patients on the fourth and_ fifth 

days. The age and sex distribution are sum- 


IN ACUTE MYOCARDIAL INFARCTION 5] 


duration or more was found. In some 
cases counts were obtained as early 
as 1 or 2 hours after the acute onset 
of myocardial infarction, always re- 
vealing normal eosinophils. From the 
third to the fifth hour results were 
equivocal, but usually eosinopenia was 
found (Fig. 1). However, in the pe riod 
from 5 to 48 ‘nang eosinopenia in our 
material has been a very consistent 


finding (Fig. 2). One hundred and 


thirteen patients had counts performed 
within this period and the majority, 100 
patients, had initial counts below 20 
per mm.*, Il had counts between 20 


and 50 and only 2 patients had higher 


PABLE 1 AGE AND SEX DISTRIBUTION 


Phe itial eosinophil count was made on 
Imission and following this daily counts be- 
tore breakfast were performed in a period up 
to 3 weeks. The eosinophil counts were mace 


count hamber by Rud’s OI Randolph's 


The normal eosinophil level is not defin- 
itively settled, and low counts may occa- 
ionally be found in normal individuals. In the 
resent work, however, eosinophil counts 


ibove 50 per mm.% have been considered 


The diagnosis of myo irdial infarction was 
ade in the usual way. Serial electrocardio 
raphic tracings showing progressive changes 
haracteristi of this disease were considered 
the most important single sign. The routine 
laboratory pr cedures included sedimentation 
rate and white cell count. The eosinophil 
ounts were not taken into consideration in 

the diagnosis 

Eosinophil counts were also performed in 
06 patients suffering from some of the dis- 
ises which may have to be considered 


vhen the diagnosis of myocardial intarction 

made. In these cases the counts were made 
on admission or, in the case of anginal pain, 
not more than 48 hours after the acute attack. 


Results. In the great majority of 
cases an early eosinopenia of 2 days’ 


5 19 6 92 
7 


initial counts. An additional 3 patients, 
who on their first day had an eosino- 
penia, on the second day revealed nor- 
mal values. Normal ory counts 
thus were found in a total of 5 cases 
in this period. In three of a pa- 
tients the lack of early eosinopenia may 
possibly be accounted for by pre- 
existing cosinophilia or Addison's dis- 
ease. 

\ man, aged 65, had on his first and 
second postinfarction day eosinophil 
counts of 19 and 94 respectively. 
The possibility of underlying eosino- 
omg was suggested by a count of 656 
later in the course of the disease. The 
neat did not, however, reveal a his- 
tory of hypersensitivity. 

One additional patient, a man, age od 
58, and with counts of 100 and 156 on 
the first 2 days, develope od an eosino- 
philia with count of 738 after a week. 
Later this patient had symptoms of 
hypersensitivity to the anticoagulant 
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drug used (phenylinandione) with 
urticaria and agranulocytosis*. 

\ 64-year-old man had on admission 
38. Despite 
severe shock with death after 12 hours 


in hospital, this patient revealed in- 


an eosinophil count of 


creasing values of the eosinophil counts, 
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62 and 132. At necropsy an atrophy 
of the adrenal cortex was demonstrated. 

For the remaining 2 patients reveal- 
ing normal eosinophils in the early 
phase of the disease no explanation can 
be given. One of these patients had 


during the entire course normal tem- 
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Fig. | I ssinophil counts made during the first hours following an attack of acute myo irdial 
ntarctio1 The drawn lines represent serial counts in individual patients. The single points 
represent counts made in different patie nts 
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Fig. 2.—Eosinophil counts made on the first 6 days following acute myocardial infarction 


expressed as percentages of the counts made on the respective days. 
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perature, sedimentation rate and white The difference in mortality in the two 
blood count, while the electrocardio- groups, 2.5% as against 69.5%, is highly 
gram showed progressive changes char- _ significant statistically. 
acteristic of acute posterior myocardial The death rate was considerably 
infarction. lower in a group of patients revealing 
On the third postinfarction day nor- initial counts above 20, than in a group 
mal eosinophil counts were found in with eosinophil counts below this limit, 
several patients, and 15% of the counts 16.5% as against 39.5%. However, due 
performed on this day were above 50. to the small number of cases in the first 
From the fourth day on, normal eosino- group, the difference is not statistically 
phils were found very often (Fig. 2). significant. The total mortality of the 
\s for the subsequent pattern of the entire group was 35%. 
eosinophil curve the patients may be Eosinophil counts made in a variety 
divided into two groups. A duration of of other diseases are summarized in 


PABLE 2.) EOSINOPHIL COUNTS MADE IN DISEASES OF DIFFERENTIAL DIAG- 
NOSTIC SIGNIFICANCE AS REGARDS ACUTE MYOCARDIAL INFARCTION 


{ngina Pectoris 


Pathologic History of Congestive 
neom plicated EKG Infarction Failure 
Below 20 0 1 11 
20-50 5 3 0 21 
0-100 17 15 18 10 
Above LOO $1 27 19 7 
Gall 
il Pulmonary Congestive bladder 
its no pr E-mbolism Pneumonia Failure Disease 
Below 20 9 7 25 6 
20-50 5 8 : 2 
Above 100 0 5 7 l 
EFosir pl ythmia 
Below 20 13 


20-50 
0-100 7 
100 


the eosinopenia of less than 7 days Table 2. A severe eosinopenia very 
vas found in §1 patients, while pro- often was found in pneumonia, pulmo- 


onged eosinopenia, for 7 days or more, narv embolism, acute congestive failure, 
cardiac arrhythmias and _ gallbladder 
disease. However, patients with un- 
complicated angina pectoris most often 
revealed normal counts. This was 


) 


vas encountered in 23 cases. It has 
een Our impression that a correlation 
xists between the duration of the 
osinopenia and the clinical course of 
he disease. Uneventful recovery was 
he usual course in the first group and ; : : 
nly 2 of the 81 patients died. In the electrocardiographic evidence of heart 


shown to be true whether there was 
ther group, revealing eosinopenia for disease or not, and was also true in a 
nore than a week, the patients very $foup of patients with anginal syn- 
ften ran an unfavorable clinical course drome and a history of previous myo- 
ion ith prolonged shock or congestive cardial infarction. However, if the an- 
ilure, and 16 of the patients died. gina pectoris was complicated by signs 


5 hie 


ot congestive failure the patients usu- 
ally had a low eosinophil count. 
COMMENTS 


The diagnosis of acute 


mvocardial infarction is based on the 


history, the clinical findings and an 
evaluation of the electrocardiographic 
changes. Nonspecific signs of disease, 
fever, elevated sedimentation rate and 
white cell count are used as adjuncts. 
In the early phase of the disease, the 
difficult. The 


rst electrocardiographic tracings may 


diagnosis may be very 


not be conclusive, and fever and ele 
vated otten 
ar» absent on the first and second post 
day. An elevation of the 
lite blood count may be of help 


sedimentation rate very 


arction 
luring 


this period, but is an unreliable 


sign. It is not only nonspecific, but in 
our patients with acute coronary in 
8000 have been 


on the first 


tarction counts below 
otten as in 16% 
day, 24% on the second day and 279 
on the third We feel that the 
eosinophil count may be of some aid 
in this phase of the disease, and that 
in this respect it is superior to the total 


found as 


day 


white 
The 


cance of eosinophil cell counts has in 


cell count 


problem of diagnostic signifi 
this connection two different aspects: 
|) To what extent does a normal count 
rule out the possibility of myocardial 
> and 2) To what extent does 


the finding of an eosinopenia indicat 


Intarction 


the presence of this disease? 

|) A normal eosinophil count in the 
period from 5 to 48 hours following 
an attack suspected to be a coronary 
occlusion contradicts the diagnosis. Al- 
though it does not rule it out conclu- 
sively, exceptions are unusual. Only 3% 
of the counts made on the first day 
ind 6 have been 
90 per mm.”, Allergy, eosino- 


on the second day 
above 
philia or adrenocortical insufficiency 
may account for some of the ex eptions, 
but not for all. It may be that a small 


infarction occasionally does not call 


American Journal of the Medical Sciences ° 


July, 1956 
forth the necessary stimulation to the 
mechanism producing the usual eosino- 
penia of stress. 

The third 
day have been more equivocal and 15% 


results obtained on the 
of the counts have been found to be 
From the fourth 


conclusion as diagnosis 


normal. day on, no 


regards may 


be drawn from a normal eosinophil 


count. 
2) The 


highly 


eosinopenia ot stress is a 


nonspecific phenomenon. The 
finding of a low count, therefore, is of 
no value in the differential diagnosis 


of coronary infarction as regards pneu 


monia, pulmonary embolism, cardiac 
arrhythmias, acute congestive failure, 
gallbladder disease or other diseases 


Table 2). Un 


complicated angina pectoris however, 


involving severe stress 


does not usually evoke eosinopenia, and 
the eosinopenia may thus be of some 
aid in the differential diagnosis of myo- 
cardial infarction as regards this dis- 
ease. 

The proble m ot prognosis of the my 
ocardial infarction has lately been given 
It has 


been maintained that a large group of 


more consideration than befor 


patients, the so-called “good risk” cases, 
will stand a fair chance even untreated 
that only the 
should have anticoagulant therapy. 


and "poor risk” cases 

\ number of signs have been consid- 
ered characteristic of the “poor risk” 
group, and the conclusion to be drawn 
from the material presented here is 
that the finding of prolonged eosino- 
week or 
qualify the patient for this group. The 


penia, for a more, also will 
practical importance of this sign is, 
the de 


cision regarding therapy has to be taken 


however, limited, as usually 
in a much earlier phase of the disease. 

Summary. Eosinophil counts were 
performed in 149 patients in the early 
phase of acute myocardial infarction 
and in 306 patients suffering from dis- 


eases usually considered in the differen- 


| 
| 
| 
== 
| 
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he tial diagnosis of this condition. An gestive tailure and gallbladder disease, 
a early eosinopenia was found in the while uncomplicated angina pectoris 
. great majority of patients with myo- usually did not reveal significant eosino- 

r cardial infarction. Of the counts made penia. Thus the eosinopenia is of no 


on the first, second and third days only value in the differential diagnosis of 
Cc 


s%, 6% and 15% respectively were above myocardial infarction as regards dis- 


_ per mm.*. It is concluded that the eases involving severe stress, but may 
MAY 
hil finding of a normal eosinophil count be of some aid as regards uncompli- 
hi 
in the period from 5 to 48 hours fol- cated angina pectoris. 
lowing an attack, suspected to be acute In S81 patients with eosinopenia of 
Ae myocardial infarction, very strongly less than 7 days’ duration, only 2 pa- 
contradicts the diagnosis. tients died. In 23 patients with pro- 
. An early cosinopenia was found very longed eosinopenia 16 patients died. 
mes often in pneumonia, pulmonary embo- Thus prolonged eosinopenia denotes a 
lism, arrhythmias, acute con- poor prognosis. 
Ire 
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iSCS 
sid SUMMARIO IN INTERLINGUA 
isk’ Le Signification Diagnostic e Prognostic de Eosinopenia in Acute 
iwi Infarcimento Myocardial 
is 
Contos eosinophilic esseva executate in 149 patientes in le prime phase de 
ino 
will cute infarcimento myocardial e in 306 patientes qui suffreva de morbos que 


1] s usualmente prendite in consideration in le diagnose differential de acute 


nfarcimento myocardial. Un precoce eosinopenia esseva trovate in le grande 
is, 


a iajoritate del patientes con infarcimento myocardial. Inter le contos executate le 
al rime, le secunde, e le tertie die, solmente : 3 pro cento, 6 pro cento, e 15 pro cento 
a. respectivemente ) attingeva valores supra 50 per mm*. Nos conclude que 
al i normal conto eosinophilic obtenite inter 5 e 48 horas post un attacco que es 
ji ispicionate de representar acute infarcimento myocardial es un forte indicio 
mtra ille diagnose. 
dis Precoce eosinopenia esseva trovate multo frequentemente in casos de pneu- 
aaa ionia, embolismo pulmonar, arrhythmias cardiac, acute disfallimento congestive, 


morbo de vesica biliari. Del altere latere, non- complicate angina de pectore 


| 
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revelava usualmente nulle significative grado de eosinopenia. Assi, eosinopenia 
ha nulle valor in le diagnose differential de infarcimento myocardial contra 
morbos connectite con sever formas de stress; illo pote esser de un certe adjuta in 
differentiar infarcimento myocardial e non-complicate angina de pectore. 

Inter 81 patientes con eosinopenia de minus que 7 dies de duration, il habeva 
solmente 2 mortes. Inter 23 patientes con prolongate eosinopenia, il habeva 16 


mortes. Assi, eosinopenia prolongate es de mal augurio prognostic 


SUMMARIO IN INTERLINGUA 
See page 30 for original article 


Le Tractate Lesion Pulmonar e su Bacillo de Tuberculose 
Il. Morte e Resurrection 


|. Le presente studio concerne le investigation pathologic e bacteriologic de 
histos pulmonar obtenite per ablation chirurgic in le tractamento de tuberculose. 
Ksseva trovate 48 cavitates aperte, 26 cavitates claudite, 17 cavitates de stadio 
terminal, e altere lesiones. Le numero del patientes involvite esseva 54. Omnes 
habeva habite combinate chimotherapias de varie durationes 

2. Inter le 48 cavitates aperte, 44 (92 pro cento) produceva culturas positive 
que cresceva in 8 septimanas. Un cultura requireva 3 menses. In general, le 
culturas esseva resistente al un o al altere del major drogas 

3. Ab le 22 cavitates claudite nulle culturas bacillari cresceva intra le usual 
periodo de 8 septimanas. In 9 casos (41 pro cento) culturas cresceva post 
periodos de incubation prolongate a inter 3 e 10 menses. 

1. Ab le 17 cavitates de stadio terminal, bacillos esseva trovate microscopica 
mente in 9 casos, sed nulles cresceva in culturas, non mesmo post incubation 
prolongate. 

Iste datos bacteriologic, insimul con le datos pathologic presentate in section | 
de iste studio, demonstra le obviation de bacillos de tuberculose in certe lesiones. 
Isto permitte le production del cavitate de stadio terminal per le normal 
mechanismos del corpore e su stato physicochimic. 

Le claudite cavitate con su bacillos in hibernation es apparentemente le 
resultato de normal mechanismos corporee; in illo il ha pauc manifestationes de 
effectos drogal. I] esseva in iste typo de lesion que incubationes prolongate 
demonstrava lor plus grande valor per augmentar le propagabilitate de bacillos 
latente 

Un alte procentage del classic cavitates aperte revelava rapide crescentias; le 
bacillos obtenite esseva generalmente resistente a drogas. In le presentia de tal 
cavitates on debe parlar de “fallimentos chimotherapeutic” quanto al cavitates 
e a lor bacillos. 

Iste remarcas indica eloquentemente que le complete historia es non ancora 
cognoscite, e si appropriate enzymas ( Pope’) o altere meliorationes technic 
es introducite, un plus grande numero de iste bacillos “morte” va possibilemente 
demonstrar lor vitalitate. Un typo de lesion, illo del cavitates claudite, ha revelate 
vitalitate bacillari ubi le facto del viabilitate esseva dubitose. I] es ben possibile 
que altere tal casos existe que es ancora incognoscite. I] ha ancora bacillos que 
pote esser vidite ben que non culturate per iste technicas. Que va devenir de illos 
in le corpore?” Va modificate conditiones ambiental resurger los? Que es le 
destino futur de iste adaptate bacillos tuberculotic? 
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THE COUGH RESPONSE OF NORMAL HUMAN SUBJECTS STIMULATED 
EXPERIMENTALLY BY CITRIC ACID AEROSOL: ALTERATIONS 
PRODUCED BY ANTITUSSIVE AGENTS 


Part l: 


By A. BICcKERMAN, M.D. 
ASSISTANT CLINICAL PROFESSOR OF MEDICINI 


Burton M. M.D. 


ASSISTANT IN MEDICINE AND RESEARCH FELLOW 
AND 


ELAINE GERMAN, M.D. 
ASSISTANT IN MEDICINE AND RESEAKCH FELLOW 


WITH THE TECHNICAL ASSISTANCE OIF 
SYLVIA ITKIN 


(QUALITATIVE Comparisons of the rela- 
tive merit of various antitussive agents 
were reported in a previous study’. 
Since the assessment was based on the 
effect of these agents on decreasing the 
number of coughs produced by stimu- 
lating the cough reflex of experimental 
ubjects with citric acid aerosols, it was 
ointed out that the elicited cough re- 
ponse should have the following char- 
“1) that the test subject 
ive a uniform response to a given 


cteristics: 


threshold of stimulating agent, 2) that 
he same individual show reproduci- 
ility during the course of the study, 
nd 3) that the method for eliciting 
ugh should be nontoxic and relatively 
mple in performance in order that 
tudies can be carried out on a large 
imber of subjects.” 
In this extension of the study, meth- 
ls were devised for quantitating in 


nbia Division, Goldwater Memorial Hospital and the Department of Medicin« 
Physicians and Surgeons, Columbia University, New York, New York) 


healthy subjects, the cough response 
caused by the inhalation of a standard 
dose of citric acid. The present report 
discusses the method of eliciting and 
recording the experimentally induced 
coughs. It also analyses the air-flow 
dynamics of the various cough patterns 
obtained on 15 healthy subjects tested 
at repeated intervals for a period of 4 
months. The effect of antitussive agents 
on these cough patterns using a 
“double-blindfold” technique will be 
presented in a later report. 


Methods. 1. apparatus. An open circuit 
system was devised which consisted of a) 
an inspiratory loop containing a 9-liter Collins 
ventilometer connected to a 4-way valve 
which permitted the shunting of inspired air 
from the main channel to an aerosol channel 
of 200 ml. capacity, and b) an expiratory 
loop containing a lateral pressure tap fitted 
with an Altec condenser microphone and a 
pneumotachograph. Unidirectional flow was 


Progress report presented before The Committee on Drug Addiction and Narcotics of the 
tional Research Council at the National Institute of Health, Bethesda, Md., on September 


1955 


his study has been supported by grants from Hoffman-La Roche, Inc., Nutley, N. Y., Merck 
Co., Rahway, N. J., the Upjohn Co., Kalamazoo, Michigan, and the Charles C. Rumsey Fund. 
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bta ed witl hich speed Sadd valves \ microphone and the lowet channel recording 
line drawil f the apparatus is presented in the air flow in liters per second by means of 
rig. | a pneumotachograph strain gauge transduce 
4 95% aqueous solution of citric acid was system. In addition to measuring the peak 
ebulize 1 glass Vaponefrin nebulizer by air flows, integration of the area under th 
cvgel livered from a high pressure cyl curve indicates the total volume of air ex 
L.. flow per minute. This produced pelled with each coug] 
stal st with a mean particl size of Betore screening tests on experimental sub 
2.0 in radius which saturated the jects could be performed, the various record 
erosol hannel, The quantity citric acid ing instruments were ilibrated against a 
present the aerosol channel was determined water manometer-pressure transducer system 
by stoec! metric titration and amounted to ind the total resistance t ir flow of the ex 
0.045 0,002 citric cid in 200 ml piratory circuit wa etermined. In. general, 
the resistance was quite low and offered no 
I ie drawing illustrating the various components of the ipparatus (A—V entilometer 
B—S iuge; ( Face mask; D—Condenser microphone; | Pneumotachograph; I 
I ratory flutter valve; G—lInspiratory Sadd valve; H—4-way valve a) main circuit, (b 
erosol circuit; [—Nebulizer: J—Mi rophone ul plif el 
YCEDURI The Bennett mask is fitted impedance to cough. For the lower How rate 
the subject’s face and_ several up to 100 L. per minute, the pressure gradiet 
t volumes are recorded by the required for 1 L. per minute flow was les 
entilometet At the beginning of an expira than 0.015 cm. H.O. Over 90% of the tot 
t t t-way valve is turned permitting the resistance occurred at the pneumot ichogr ip! 
el innel to be charged with the irritant }. PILOT stupiEs. A total of 15 healthy sul 
nist. Kym graphic tracings of the following jects consisting of technicians, medical stu 
inspiration containing 0.045 mg. of citric a id dents and research fellows, 5 of whom ha 
erosol record the volume of gas inhaled participated in our. initial experiment, wet 
nd the ration of inspiration. The experi recruited for this study. There were 6 fe 
nentall nduced cough is recorded by a twin males and 9 males with a mean age of 
channel Viso-recorder with the upper channel — years. No subject was selected who had 
registering the lateral “sound-pressure” wave history of a recent upper respiratory infectic 
in cm. H:O pressure produced by a displace- or evidence of throat irritation. Each ind 
vent in the diaphragm of the condenser vidual received a screening test with = citr 
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mete! 


rate 
radie1 
is les 
e tot 
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hv sul 
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mstituted a trial and an average 
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cid aerosol either preceded by or followed 


two additional tests with a distilled 


iter and a normal saline aerosol. If cough 

is elicited by either of these control aerosols 
ubject was omitted from this study. 

Each subject was given 3 inhalations of 


citric acid aerosol with a rest period 


to 3 minutes between each inhalation. This 
of 9 trials 
re pertor ed on each subject at 


itely weekly ntervals Phe 


appront- 
trials were 


livided equally between morning and _ after- 
Session Notes were kept as to. the 
yunt f food onsumed prior to testing 
Dyect were vutioned against taking any 
with known o1 suspected antitussive 
tivit nt lay preceding the trial. In 
ition ry run’ consisting of a control 
rABLE rik MEAN INSPIRATO 
INSPIRATION 15 
Tidal 
Subject Tests Mean 
1. BA 28 
2 FG 2s 245 
HB | 527 
t. BA 27 
24 
6. SI $3 $37 
7. E.H 2+ 1 
30 O34 
9. J.B 27 S82 
JR 15 
Lo 571 
E.G Is 37 
is. B.B Is $20 
14. Is 
». JBI 23 SS4 
* Each tidal volume contains 0.045 mg. citric ac 


followed by 4 trials at hourly intervals 


ye rformed on 9 of the subjects in order 
iilate the procedure to be followed in 
intitussive study 

Results. In the initial screening tests, 


was observed that over 90% (33 of 

35 subjects), selected at random 
ighed when exposed to the 25% citric 
d aerosol and did not respond to 
tilled water or saline aerosols. The 
subjects reported in this study were 
sen because of their avail: ibility and 
resented a fair sample of this group. 
\ll of the subjects inhaled the same 


e of irritant, 0.045 mg. citric acid, at 


PONSE OF NORMAL HUMAN SUBJECTS = 59 


each test. This amount was diluted by 
the inspiratory tidal volume which 
ranged between 300 and 600 ml. for 
the group as a whole. Although consid- 
erable variations in the 
were encountered i 


tidal volume 
in the same. individ- 
ual on repeated tests, the inspiratory 
time during which aerosol was inhaled 
appeared to be 
This is illustrated in 


much more constant. 
Table 1. There 
was no correlation between the dura- 
tion of inspiration of the aerosol and 
the volume of air inhaled. 

\s noted in the original study, adap- 
tation or a “learning” factor was present 


RY TIDAL VOLUME* AND TIME OF 
NORMAL SUBJECTS 


Volume (ml Inspiration Time econds 
S.D Vean 
0.7 
73 1.2 0.3 
104 0.7 
121 Os 02 
166 1.0 0.3 
141 0.7 0.3 
95 
244 Os 0.38 
67 
142 0.7 0.1 
153 1.1 0.38 
$1 Os 
0] 
oF 1.2 0.2 
71 0 4 


id aerosol 


in the majority of those subjects not 
previously exposed to the irritant aero- 
sol. The initial trial usually provoked 
the greatest coughs but 
after the first 8 inhalations of citric acid, 
the cough response tended to remain 
uniform with succeeding tests. Figure 
2 shows the mean number of coughs 
elicited by each of the first 20 inhala- 
tions of citric acid 4 new subjects. 
Figure 3 is a similar graph representing 
the frequency response in 3 subjects 
who participated in previous studies. 
In evaluating the reproducibility of 
the cough response to inhaled citric 
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THE COUGH RESPONSE TO SUCCEEDING INHALATIONS OF CITRIC ACID 
AEROSOL IN SUBJECTS NOT PREVIOUSLY TESTED 


| 
o 
> 
2 6 8 10 12 14 16 ie 20 
Successive Inhalations of 045 mg. Citric Acid 
Fig. 2 he initial slope of this curve illustrates the “I ming = tactor present in 4 unt iined 
subjects Stabilization of response occurred after the 7th test 
THE COUGH RESPONSE TO SUCCEEDING INHALATIONS OF CITRIC ACID 
AEROSOL IN 2 TRAINED SUBJECTS 
Or 
wa 
> 
° 
O 
6b 
= 
| i iL 4 i 4 = j 
2 4 6 8 10 12 i4 16 iT) 20 
Successive Inhalations of O45 mg. Citric Acid 
Fig ) 


lhe consistency of response as measured by the number of coughs produced by eacl 
inhalation is illustrated in these trained subjects 


| 
| 
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[Tie 


eacl 
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acid, the first two trials representing 
the “learning” portions of the curve 
were discarded in those individuals not 
previously tested. The mean data ob- 
tained on the 15 subjects in terms of 
number of coughs (frequency), peak 
flow rates, volumes of air expelled, and 
the lateral “sound-pressures” are illus- 
trated in Table 2. The subjects were 
arbitrarily grouped according to their 
frequency response (mean number of 
coughs elicited per test): Group A rep- 


COUGH RESPONSE 


OF NORMAL HUMAN SUBJECTS 6] 


the mean in each group. The volume 
of air expelled varied more than any 
other response measured, showing de- 
viations from the means of the 3 
ranging between 34 to 52%. 
of any correlation between the four 
characteristics of the cough response 
measured in this study is illustrated by 
Table 3 which shows the individual 
data on 4 subjects with approximately 
the same frequency response (Group 
B). Examples of recordings of the lat- 


groups 
Absence 


rABLE 2. VARIATIONS IN THE COUGH RESPONSE OF 15 NORMAL SUBJECTS GIVEN 
A TOTAL OF 359 INHALATIONS OF CITRIC ACID AEROSOL 
Number of Peak Air Flou Volume Ex pe lled Lat. Pressure 
Coughs sec ml em. HO 
Vi f Vo of 

( } Subject Tests Mean Mean Mean SD Mean S_D 
5 130 2 4 Os 3:77 0 57 160 153 78 24 
B 6 39 3.6 09 2 42 0 40 1453 7) 4.3 10 
( 90 6.0 $8.16 0 48 266 8) 65 15 

* Cough fre quency range per test \ 1 to 3 coughs 

B = $to 5 coughs 

5 to 7 coughs 

rABLE 38. INDIVIDUAL COUGH RESPONSES OF 4 SUBJECTS WITH 
THE SAME FREQUENCY RANGE (GROUP B 
Number of Peak Air Flou Volu me Expelled Lat Pressure 
Coughs (L./ see. ml (em. HO 
No of 

Subject Tests Mean S.D Mean S.D Mean S.D Mean S.D 
B.B Is 07 3.27 0.43 361 62 1 4 
E.G 2s 3.4 09 2.05 0 46 120 61 3.9 09 
IB 27 3.4 1.0 1.72 0.35 128 60 29 08 
E.G 18 39 1.0 2 02 0.34 37 73 28 0.7 


resenting | to 3 coughs; Group B, 3 
and Group C, 5 to 7 
Group A with the lowest fre- 
quency response showed the greatest 
variation in the number of coughs with 
. standard deviation equivalent to 33% 
of the The standard deviations 
in Groups B and C represented 21% of 
the mean. Analyses of the “lateral 
sound” pressures showed deviations from 
the means in the three groups identical 
to the frequency response. The peak air 
ows showed the highest consistency, 


with a standard deviation of 15% from 


to 5 coughs: 


coughs. 


mean. 


eral “sound pressure” and the air flow 
on one subject are illustrated in Fig. 

This subject was given three tests 
on 3 different days. Consistency of 
sponse is indicated by the similarities 
in number of coughs and configuration 
of the cough tracings. 

Prior to administering the antitussive 
agents, 9 subjects in this group were 
tested with 3 inhalations of 0.045 mg. 
citric acid aerosol at hourly intervals 
for 4 hours following a control study 
to simulate the procedure to be fol- 
lowed in assessing the various drugs. 
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ited by the similarities in the configuration and number of curves 


COUGH TRACINGS WITH 3 INHALATIONS 
OF .045 MG. CITRIC ACID 
Microphone 
4/15 
. \ 
+ 
4/18 m 
w 
\ \ \ 
4/22 
SUBJECT B.C. 
Test | Test 2 Test 3 
I im} les of a tual recordings showing the late ral “sound pressure ; pi ked up by the 
: nd the air flow tracings of the pneumotachograph Consistency of response is 
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(he inspiratory time and tidal volumes 
remained fairly constant in the same 
individual at each hourly testing pe- 
riod. The mean cough response of each 
subject showed considerable uniform- 
ity throughout the 4-hour period. Com- 
bined means of the number of coughs, 
peak flow rates, volumes expelled and 
sound pressures” for the 9 subjects 


were plotted graphically for each 


COUGHL RESPONSE OF NORMAL HUMAN SUBJECTS 05 


of citric acid could be varied, the quan- 
tity inhaled depended upon other fac 
tors which could not be controlled, 
such as 1) the inspiratory tidal volume 
2) the duration of inhalation and 3) 
the loss of aerosol as it was emitted 
from the nebulizer. In the present in- 
vestigation, the dosage of aerosol ad- 
ministered can be measured accurately 
and a constant stimulus provided for 


CONSISTENCY OF THE MEAN COUGH RESPONSE ELICITED BY 3 INHALATIONS OF 
CITRIC ACID AEROSOL IN 9 SUBJECTS TESTED AT HOURLY INTERVALS FOR 4 
HOURS FOLLOWING A CONTROL STUDY 


@-Number of Coughs 

Air Flow (LAec.) 

@- Volume Expelled (m1) 

O- Loteral Sound Pressure (emHp 
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> Ci bined means of 27 tests pe rformed on each of 9 subjects tested after a 4-hour 


pe riod illustrates the consistency of the cough response. 


iourly period and is presented in Fig. 
». Each point on these curves repre- 
mean of 27 tests and the 
traight-line characteristics of the 
urves illustrate the consistency of the 
ough response in the 9 subjects tested. 
Discussion. In a previously reported 
tudy', it was impossible to provide a 
ved amount of citric acid as the cough 
imulant. Although the concentration 


ents a 


each test. This was accomplished by 
the use of a reservoir saturated with 
aerosol placed between the ventilom- 
eter and the mask. .An_ inspiratory 
tidal volume in excess of 200 ml. deliv- 
ers the dose of aerosol when the reser- 
voir system is shunted into the main 
circuit. 

The evaluation of an antitussive 
agent require 1 more precise data con- 


o4 The 


cerning the cough response. In addi- 
the number of 
information concerning the ef- 


“ work’ 


siderable importance, 


tion to a decrease in 
coughs, 
of coughing was of con- 
The 
air expelled during coughing are re- 
wae to the 

r pressure gradient and inversely pro- 
ek nes to the resistance of the pul 


monary system. By recording the peak 


tort o1 
flow rates of 


intr: ipulmon: ambie nt 
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condenser microphone produced by the 
cough. The microphone was positioned 
so that the air stream produced by the 
impinge on the dia- 
phri 17m and thus distort the 
“pick up. 
In the 
acid solution was 
tant it appeared to stim- 
ulate in the 
jority of the subjects tested. Uniformity 


cough could not 
sound 


> 


study, a 25% citric 


irri- 


present 
selected as the 
aerosol since 
a moderate 


response ma 


of response to repeated stimuli appeal 


ANTITUSSIVE STUDY ON SUBJECT S| 


Per Gent Change in Number of Coughs from the Control Level 


flow rates and the volume of gas ex- 
pelled, a relative measure of the inten 
ontrol 
os 
2: 
<2 
2% 
A B C D 3 F 
Test 
Fig. ¢ iph illustrating the per cent change 
produced by various test 
sity of the cough could be obtained. 
Other characteristics of the cough 


which are capable of assessment are the 
level (decibel) and the 
sound frequency The bulky and 
complic: ited e le ctronic e quipme nt re- 
quired to measure these qualities of 
the cough could not be readily adapted 
to the apparatus described above. How- 
a factor related to the sound en- 
obtained by recording the 
displ: rcement of the di phragm of a 


sound ene rgy 
range. 


ever, 


ergy Was 


| HOUR 
2 HOUR 
 3HOURS 
EXD 4 HOURS 


G H | J K L 


Substances 


in the number of coughs from the control level 


substances in Subject S.1 


of the for fre 
peak flow rates and _ lateral 
pressures’ with greater varia- 
tions occurring in the volumes of 


ed to be 
quency, 
“sound 


same degree 


ail 
expelled with each cough. Since good 


re producibility was present in the “dry 


run” study, it was decided to make the 
initial antitussive evaluation against 
the cough re sponses elicited by 5 95% cit 


ric acid aerosol. An illustration of th 
per cent change in the number of 
coughs from the control level followin: 
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Bickerman et al: COUGH RESPONSE OF NORMAL HUMAN SUBJECTS — (5 
ec the administration of various “un- human subjects, in terms of the num- 
dl known” drugs is presented in Fig. 6. ber of coughs, peak air flows, volumes 
1e Comment would be premature since — of air expelled, and the lateral “sound 
A- this graph represents data on only one pressures, stimulated by a standard 
il subject (S.1.) given a single trial with dose of citric acid aerosol. 

each drug, in which only one variable, The response to the inhalation of 
ic the number of coughs, has been plotted. 0.045 mg. citric acid aerosol was meas- 
rl Ideally, a potent antitussive agent ured in 15 normal subjects given a 
n- will produce complete cough suppres- total of 359 tests with the following re- 
la sion with little or no adverse side ef- — sults: 
ity fects. In practice, however, many of 1) Untrained subjects showed a dis- 
these drugs, in addition to producing tinct “learning” tendency with the 
varving degrees of cough inhibition, cough response, becoming more con- 
modify the characteristics of the cough — gGctent after the first 8 inhalations. 
by decreasing the intensity or by con- 9) Analyses of the mean number of 
verting a harsh unproductive cough coughs, peak air flows, and the lateral 
into a softer and looser one which is « 
sound pressures in trained subjects 
less exhausting to the patient. d 
showed standard deviations varying be 
study will provide an opportunity to oft 
observe any significant dissociation be- tween 15 
the volume of air expelled with each cough 
response following the administration had the greatest variability. 
of antitussive agents. More precise eval- 3) Good reproducibility ol the 
uation of these drugs will be obtained cough response to successive inhala- 
7 by lowering the dose of inhaled irritant tions of citric acid was obtained in 9 
to a threshold stimulus level so that subjects retested at hourly intervals 
cough suppression with active agents over a t-hour period following a con- 
hecomes complete. From previous trol study. 
studies, it is evident that this thresh- The testing of antitussive agents by 
old stimulus will vary from subject to this method is in progress. Adjustment 
subject. of the dose of citric acid aerosol to a 
Summary. A method has been devis- threshold level will make possible 
d for recording the cough response of | more precise evaluations of these drugs. 
level 
REFERENCE 
Bickerman,, H. A., and Barach, A. L.: Am. J. Med. Sci., 228, 156, 1954. 
tre 
ateral SUMMARIO IN INTERLINGUA 
varia 
ait Responsa Tussive Stimulate Experimentalmente in Subjectos Human per 
good Aerosol a Acido Citric: Alterationes Producite per Agentes Antitussive 
Parte I: Methodologia 
ke th Esseva disveloppate un methodo pro le registration del responsa tussive de 
gainst bjectos human, in tanto que illo se manifesta in le numero del tusses, le maximo 
m% cit | fluxo aeree, le volumine del aere expellite, e le lateral “pression acustic,” 
of the mulate per un dosage standard de aerosol a acido citric. 
ad Ae Le responsa al inhalation de 0,045 mg de acido citric per aerosol esseva mesurate 
owint 


15 normal subjectos, forniente un total de 359 tests con le sequente resultatos. 
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1. Subjectos novicios monstrava un distincte tendentia a “apprender” in le curso 
del responsas_ tussive, le quales deveniva plus constante post le prime 8 


inhalationes. 

2. Le analyse del numeros median de tusses, del maximos de fluxo aeree, 
e del lateral “pressiones acustic” in subjectos experientiate monstrava deviationes 
standard de inter 15 e 21 pro cento del valores median. Le volumine del aeree 
expellite con le tusses individual monstrava le plus grande variabilitate. 

3. Le reproducibilitate del responsas tussive al inhalation de acido citric 
esseva bon in 9 subjectos in qui le test esseva repetite a intervallos de un hora 
durante un periodo de 4 horas precedite per un studio de controlo. 

Le evalutation de agentes antitussive per iste methodo es in progresso. Le 
adjustation del dose de aerosol a acido citric a un nivello liminal va render 
possibile un plus exacte evalutation de iste drogas. 


SUMMARIO IN INTERLINGUA 
(See page 8 for original article ) 


Quantitation del Activitate de Arthritis Rheumatoide 
2. Recession del Rigor Matinal in Patientes Progredente Verso Remission 


1. Rigor matinal es un manifestation quasi universal de active arthritis 
rheumatoide. 

2. Le majoritate del patientes es capace a observar accuratemente le duration 
de rigor matinal. 

3. Le duration del rigor matinal es grossiermente correlationate con le maximos 
de sedimentation erythrocytic pro periodos de 5 minutas (secundo Cutler) sed 
pare non esser relationate a etate, sexo, duration del morbo, e concentration 
hemoglobinic. 

4. Es presentate tres analyses graphic. [los indica que le duration del rigor 
matinal tende a reducer se regularmente in tanto que le patiente progrede 
verso remission. 

5. Le duration del rigor matinal es consequentemente valide como indice 
del componente general o fibrositic del activitate rheumatoide e merita esset 
includite routinarimente in le protocollo de progresso. 
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AN EVALUATION OF THE SINGLE BREATH TECHNIQUE FOR 
MEASURING ANATOMIC RESPIRATORY DEAD SPACE 
WITH THE NITROGEN METER® 
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\ THOROUGH evaluation of the physio- 
logic function of the lungs in normal 
persons and in patients with pulmonary 
lisease includes a study of the volume 
physiologic dead 
space. In the past, the methods em- 
ployed for measuring anatomic and 
physiologic dead space were either too 
omplicated for routine use or did not 
vield dependable reproducible 
values. In the resting state in normal 
ersons, the values obtained for ana- 
tomic and physiologic dead space were 

iiable but reproducible within a nar- 
row range. However, during exercise 
nd in patients with uneven alveolar 
entilation the variation of the values 
btained was accentuated because of 
creased errors in alveolar gas sampl- 
ing techniques. The variant results ob- 
tained by Krogh and Lindhard® and 
Douglas and Haldane‘ illustrate the 

ficulties of obtaining accurate values 
for the anatomic and physiologic dead 


Veterans Administration Hospital, McKinney, Texas ) 


spaces, dependent upon intermittent 
alveolar gas sampling. With the advent 
of the nitrogen meter, it was possible 
to analyze continuously expired gas and 
a method was devised by Fowler’ *? 
for calculating respiratory dead space. 
He® originally defined the dead space 
measured with the nitrogen meter as 
physiologic. Comroe* defines the dead 
space measured with the nitrogen 
meter as anatomic. 

In this manuscript we, as Comroe®, 
define anatomic respiratory dead space 
as the volume of the conducting air- 
way from the nose and mouth down to 
the alveoli. In this dead space there 
is no significant exchange of oxygen 
and carbon dioxide between the gas 
and blood during respiration. As out- 
lined by Comroe*, physiologic dead 
space includes the anatomic dead space 
and the volume of inspired gas ventil- 
ating alveoli with no pulmonary capil- 
lary blood flow or the volume of in- 


This investigation was supported in part by a research grant (PHS Grant No. G-4258) 


I n the 


National Institutes of Health, Public Health Service. 


*Mathematical consultant, Department of Physiology, University of Minnesota and Veterans 


\ ministration Hospital, McKinney, Texas. 
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American Journal of the 
spired ventilating alveoli in excess 
of that required to oxygenate the pul 
monary capillary blood pertusing them, 
or both 


In this paper the respiratory dead 


spaces evaluated are anatomic. It in 
cludes an evaluation of the single 
breath nitrogen meter method — of 


The 


fundamental principle involved in using 


measuring anatomic space 
the nitrogen meter for measuring ana- 
tomic dead space is that formulated by 
Bohr It Is 
method of 


space W ith the single breath technique 


report a 


purpose to 


measuring anatomic dead 
using the nitrogen meter different trom 
ing t trogen meter different fro1 
that 


li ible 


n current use which can become 


test in any laboratory in 


which the 
able 
In atter 


value 


proper equipment is avail 


ypting to obtain reproducible 
for anatomic dead space In nol 


mal individuals and 


having 
methods ot 


the curves obtained 


patients 


pulmonary disease with 
with 
breath tech 
it was found with 
our equipment and technique that the 


method did not in our hands have the 


analyses ol 
the nitrogen meter single 


nique mM urrent use”, 


iccuracy desired in normal persons and 
in patients with pulmonary disease in 
which there was modification of pulmo 
nary elastance, increased uneven alveo 
lar ventilation, and obstruction of the 
respiratory airways. This was especially 
true in p itients with pulmonary emphy 
sema when the nitrogen meter curve 
had no plateau at the end of expira 
tion. A different and simpler method 
was evolved for treating the curves to 
obtain dead space values. This method 
found to the results 
calculated with the Bohr mathematical 
principle and a dead space model with 
known dead space values. 


was corroborate 


Method. INSTRUMENTATION. A Waters 
Conley nitrogen meter was used to study the 
hanging conceatration of nitrogen in a single 
breath during expiration The output of the 


\fedical Sciences °* 


July, 1956 


nitrogen meter was led into a 12 channel 
Electronics for Medicine Physiologic Recordet 
There interval of 0.2 


between the meter and 


was a latency second 


nitrogen pneumo 
tachograph response because of the time re 
quired for the gas to traverse the 
tube to the inalyzetr Vi 


ments were made with a 


sampling 
ume-flow measure 


meumotac hograph, 


} 
i 


which was calibrated daily with air. There 
was no. significant difference between — the 
oxvgen and air calibration factors. The differ 


ences in response time of the pneumotacho 


graph and the nitrogen meter were « irefully 


measured from time to time 
surtace, 


B. suBjECTS. The e range, body 


and number of normal persons in each group 
studied are listed in ‘| ible > 
rmal ts sat In 


uir through a mouth 


PROCEDURE. The 
chair, breathing ro 


piece tor several minute The system of valves 
was perfused with oxygen to remove. all 
nitrogen. At the termination of a normal ex 


turned and the 
d 100% oxve¢er | pon completion ot a 
the subject expired slowly 


lungs The 


termination of 


piration valve wa subje ct 
Inspire 
maximal inspiration 
ind uniformly the es from the 
breath holding 
the maximal 

second The pneumot graphic 


meter curves were analyzed 1n the 


period it the 


Inspu it was less than one 
ind nitrogen 
Sallie way 


is the model cde mice Curves shown in 
igs 2 ind The method ot 
scribed in this report 
d is 1 ethod \ The 


presents itself in the 


inalysis of the 
nitrogen meter cur 
1S signat 


whi h 


nitrogen 


probk mn 
analvsis ot the 
meter curve s to locate the 


point on the curve t 


propel 
yject upon the pneu 
calculate 
This 


order to 
the volume of the anatomi dead 


motachographic curve mn 


space 
point is described as the inflection point of 
the nitrogen meter curve. It is here that. the 
slope of the nitrogen meter curve is equal 
to zero. because the rate of change ot nitro 


en concentration in the anatomic dead space 


passes from decreasing values 


Increasing to 


when- the alveolar gases have w ished the 
unatomic dead space free of oxygen inhaled 
during the initial ximal Inspu ition at the 


he ginning of the test 


If one takes the first derivative of the nitro 
gen meter curve with respect to time an 
slots it as shown in Fig. 1, it can readily 
| 


be seen that at the inflection point the slop 
of the 


creasing 


curve from increasing to de 
locate the in 
takes the 


meter 


change 
values. In order to 
flection point precisely, one secon 


derivative of the nitrogen curve wit 
derivative of the fir 


derivative and plots it so that where the cur 


respect to time, or the 


ject 
t a 
The 
ol 

Orne 

ven 
way 

1 In 
the 

port 
blem 
the 

ropel 
mieu 

ulate 
This 
nt ol 
tthe 
equal 
nitro 
space 
values 
d the 
thaled 
at the 


nitro 


ali 


adily 


slop‘ 
to ce 
he in 
secon 
e wit 
he fir 


e cury 
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crosses the zero line, the inflection point is 
established. If one corrects for the lag time 
between the pneumota hograph and the nitro- 
gen meter curve, and projects the inflection 
volume flow curve of the 
pre umotac ho trraph, he May then calculate 
wcurately the volume of the anatomic dead 


a model or a patient. These 


point onto th 


space of either 
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geometrical and mathematical performances 
are complicated and time-consuming. There- 
fore, a simpler method was designed as _re- 
ported in this publication. The performance 
of the new method of analysis is the follow- 
ing: a fine line was superimposed on the 
steepest and straightest portion of the nitro- 
gen meter curve. At the upper and lower ex- 


Calculation of Nitrogen 


Meter Inflection Point 


TH 
+ SECOND DERIVATIVE me 2.0 


| [TT 
4} | +1 FIRST 
DERIVATIVE 
F Ly PNEUMOTACHOGRAPHIC | 


ig, | The method of locating the inflection Pp 
plotting the first and second derivatives. The s« 
values. The one on the right 


No 


60 


L 40 


>| LAG TIME 


oint of the nitrogen meter curve by taking and 
ale on the left is for the first derivative slope 
is for the second derivative. 


NITROGEN 


Inflection Point 


\ 


sec. —> 
2.—A photograph of a nitrogen meter model 
geometric analysis. The upper portion is the 1 
tachographic curve. The inflection point on 


| 


dead space curve showing the simple method 
litrogen meter curve and the lower, the pneu- 
the nitrogen meter curve minus the time lag 


was projected on the volume flow curve at line T. 
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% 
NITROGEN 
I 
60 
rat 
40 
+ 20 
FLOW Lig 
j ~ A ‘ c 
/min. Vos PNE UMOTACHOGRAPH. \ URVE \ 
ian i 4 
| | | | 
Fig \ photograph of the same model dead space curve as shown in Fig. 2 to illustrate the 
Bohr method of calculating dead space 
I Concentration of nitrogen in the bellows 
I] Mean concentration of nitrogen from the bellows as it flows through the dead space 
II] Concentration of nitrogen in the oxygen of the dead space f the model 
[\ Area uncer pneumotachographic curve integrated to calculate dead space of the model 
\ Volume of air from the bellows to wash oxygen from the dead space 
Vps Volume of model dead spact 


rABLE 1 RESPIRATORY ANATOMIC DEAD SPACE (¢ 
AUTHORS METHOD AND COMPARED WITH KNOWN Me 
Volu in m 
Model No 

Determination 
Vo 
l 112.4 134.9 176 
2 116.0 134.9 186.6 
112.4 184.8 171.2 
119.4 184.8 176.3 
5 112.5 129 6 vi 
6 112.5 124.3 176.3 
7 112.5 145.2 171.1 
8 112.5 140.0 176.3 
105.4 134.9 165.9 
10 112.5 145.1 176.3 
109 2 184.9 166.0 
12 115.9 129.6 165.9 
13 116.0 134.8 176 
14 116.0 134.8 176.3 
15 129.6 171.1 

Mean + 8S. D 113.2+3.3 184. 8+5.6 173.545 

Actual D.S 111.0 133.0 171.0 


DEI 


) 


ALCULATED WITH THE 


DEAD SPACE 
207 
907 3 
217.8 
199.2 
207 
207 
217.8 
217.7 
207.3 
207 .4 
212.5 
207.4 
207 
207 .4 

209 


209 


the 


del 
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tremity of the straightest portion of the nitro- 
gen meter curve, where the superimposed 
line departed from it, a point was aed, 
One-half of the distance between these two 
points was found to be the inflection point 
of the nitrogen meter curve. When this point, 
less the differences in response time of the 
nitrogen meter and pneumotachograph, was 
projec ted onto the volume flow curve of the 
pneumotachograph, the volume of the ana- 
tomic dead space could be calculated. A 
planimetet was used to calculate the area 
under the pneumotachographic curve. In or- 
der to substantiate this new method of analy- 
sis of the nitrogen meter curve for calculating 
inatomic respiratory dead space, a model 
was constructed, consisting of a bellows and 
i known ce id space The model was con- 
structed so that dead spaces of different vol- 
umes could be substituted, one for the other. 
Known dead spaces having values of 111.00, 
133.00, 171.00, and 209.00 ml. were used. 


Pypi al curves obtained from the model dead 
space apparatus are shown in Figs. 2 and 
3. The curves obtained from the model dead 
pace studies were subjected to the author’s, 
Bohr’s?, and Fowler’s® methods of analysis. 
Fifteen determinations were made with each 
known dead space volume, as shown in 
Table | 


The data were treated with the Bohr for- 
nula for calculating anatomic dead space. It 
is designated as method B (Fig. 3). The 
formula states that an expired breath consists 


of a mixture of several parts, each with a 
liferent concentration of — the respiratory 
ases 1) the atmospheric gas in the upper 
iirway compartments of the respiratory sys- 
tem in which there is no oxygen and carbon 


xide exchange with the blood: and (2) 
the gas in the lower sections of the respira- 
tory airway system containing varying mix- 
ires of alveolar gas and atmospheric air. If 
ne knows the volume of expired air, the con- 
entration of a gas in the expired air, the 
ncentration of the gases in the alveolar air. 
nd the concentration of the gases in the 
spired air, one has all the data with which 


solve the Bohr equation ( Fig. 3). 


— Vas) Ca + Vas Cj 
a Volume of expired air 
C, = Concentration of a gas in V, 


Vas = Volume of dead space 

C, = Concentration of the same gas in 
ilveolar air 
Concentration of same gas in inspired 
air 


gas volumes were corrected to 760 mm. 
37° C. and 47 mm. Hg water vapor. 


The nitrogen meter single breath dead 
space curves were subjected to a third method 
of analysis devised by Fowler®, In this report 
it is designated as method F. Essentially, his 
analysis of the nitrogen meter curves was to 
substitute for the curve of the meter a vertical 
line which represented a square front between 
dead space and alveolar air. He computed the 
volume of air expired before the front. ar- 
rived at the nitrogen meter sampling point 
and obtained the volume of the conducting 
airway down to the point at which a large 
change in gas composition occurs. 

Anatomic dead space was measured in the 
sitting and supine positions, during hyper- 
ventilation, exercise, maximum expiratory and 
high inspiratory positions, and with broncho- 
dilators using method A. The breath holding 
time was less than a second in the study. 


Results. Known dead space No. 1, 
Table 1, having a volume of 111.0 ml., 
was inserted into the model. The vol- 
ume of this dead space was obtained 
15 times and calculated with method A. 
The mean value was 113.2 + 3.3 ml. 
This procedure was repeated with 
models No. 2, 3, and 4 having known 
values of 133.0, 171.0, 209.0 ml. re- 
spectively. The mean and standard de- 
viations of these model dead spaces 
were 134.8 + 5.6, 173.5 5.5 and 
+ 5.5. 

The curves of the first five model 
dead spaces listed in Table 1 were 
analyzed further with the methods B 
and F. The complete comparative data 
showing the results of different meth- 
ods of calculating anatomic dead space 
are listed in Table 2. There was no sig- 
nificant difference between the mean 
values of methods A and B; however, 
a significant difference was obtained 
by calculating the known model dead 
spaces with method F. 

The anatomic dead spaces were ob- 
tained in 63 normal persons. The range 
of the ages and mean dead space values 
are listed in Table 3. The anatomic 
dead space increased with age. When 
the subject changed his position from 
sitting to lying there was a significant 
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decrease in the anatomic dead space. 
Maximal expiration decreased the air- 
way volume and maximal inspiration 
increased the value. In all age groups, 
hyperventilation the dead 
There was a small but significant 
increase 


increased 
space 
in the dead space values dur- 
ing exercise. Bronchodilators caused an 
increase in the volume of the respira- 
tory airways in all age groups studied. 

The measurement of anatomic respir- 


atory dead space W ith the single breath 
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Discussion. The volume of the ana- 
tomic dead space in a given person 


varies from breath to breath. This has 
been verified by direct observation dur 
ing bronchoscopy because one observes 
the bronchi to expand and contract at 
intervals, with and independent of 1 

piratory changes in pulmonary eS 
The three 
for calculating dead space yielded data 
variation of the 
of the anatomic pulmonary ci 


methods used in this study 


which indicate volume 


“ad space 


nitrogen curve patients with severe from breath to breath. This variation 
rABLE 2 \ COMPARISON OF KNOWN MODEL DEAD SPACI 
Calculated with 
\ Authors’ Method *B Bohr Equation Fowler's Methos 
\ \ Vo \ 
Actual Model 
Dead Space 111.0 133.0 171.0 209 0 
mil 
Model Dead 112.4 134.9 176 107 
ml 116.0 134.9 186 6 
Calculated with 112.4 134.8 171.2 217.8 
Method A* 119.4 154.8 176.3 199.2 
112.5 129 6 171.2 207 5 
Model Dead Space 114.0 123.9 187 215 
ml 115.8 136.6 175.0 4 
Calculated with 112.0 143.8 175.8 216.6 
Method B* 107.3 135.2 165.1 193.3 
110.2 135.6 9 
Model Dead Space 144.0 225.0 258 6 
ml 144.0 IS] 222.9 
Calculated with 144.2 191.9 217.7 7 
Method F* 137.0 186.6 233.4 282.9 
137 .1 176.2 223.0) 4 


to breath is because 
the 


this has been 


pulmonary emphysema (Fig. 4) creates from breath not 
The are ot 
unsymmetrical and there is 
no plateau; therefore, the use of method 
F is rendered more difficult. The more 
basic mathematical Bohr method vield- 
a mean value of 125.2 ml. . 
Method 

of 128.4 ml. for 
patient with pulmonary 
emphysema. In the few patients with 
pulmonary emphysema studied to date, 
the anatomic dead space is diminished 
and the physiologic dead space is re- 
markably increased’. 


additional problems. curves gas exchange in trachea and 


extremely bronchi because found 


with simultaneously measured nitrogen 


oxygen, and carbon dioxide dead 


spaces'. If there were significant gas ex 


ed de- 


change in the anatomic dead space, the 
value for each would be different. Thus 


there is an absolute dead space increas¢ 


terminations. 


gave a mean 


value 4 determinations 


in a severe and decrease concurrent with inflatior 
and deflation of the 

On the sitting to 
pine position, there is a decrease in th 
dead space. This was also observed b 
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rABLE 3 
GREE 


EVALUATION OF SINGLE BREATH TE HNIQUE Fp 


THESE DATA REVE AL THE EFFECT OF AGE, POSITION OF THE BODY, DE- 
PULMONARY INFLATION, 


HYPERVENTILATIC IN, EXERCISE, AND 


BRONCHODILATION ON ANATOMIC RESPIRATORY DEAD SPACE VOLUME IN ML 


EACH DEAD SPACE 


Persons lye 
Range 
up Grou in Years 


VOLUME Is THE AVERAGE OF THREE MEASUREMENTS. 
Mean 


Volun- 

Body Maxi- lary 
Surface mum Hy per- Broncho- 
Area NSil- Su- Ex pi- High venti- Light dilator 
Sq. M fing pine ration Insp lation Ever. Sitting 
1.75 149.5 130.7 140.0 150.7 151.0 158.2 

154.0 144 5 152.6 164.7 161.2 160.3 
1 S86 157.7 144.5 150.5 165.4 166 166.5 
1.79 156.6 147.4 142.0 157.0 168 2 167.8 
1 90 161.1 143.5 163.6 161.8 183 6 166.2 
1.95 160.7 151.2 157.5 158] 195.9 172.5 


NITROGEN 


FLOW 


EXP, 


40 
C 
20 
3 
INSP, EXP. EXP, 
B 

| A single breath curve from a patient with severe pulmonary em 


hods A and B for calculatiy 
method and the lower portion of the figure 


physema comparing 
ig anatomic dead space. The upper portion is the author’s 
is an illustration of Bohr’s method. 


l2-19 
) 
59 
60.63 
% No 
| 
INSP, 
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% No 
60 
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was found to diminish when a subject 
changed from the sitting to 
Since airway diameter and 
length are related to the state of pulmo- 
inflation, as a whole, this altera- 
tion of anatomic dead space is to be 
expected on changing from the sitting 
to the supine position. 

Further evidence that changes in the 
volume of the lung have an effect on 
the volume of the anatomic dead space 
1 Table 3. There was a con- 
sistent decrease in dead space when 


supine 
position. 


nary 


is shown it 


the lungs of the subject were in the 
maximal expiratory state. The opposite 
was found when the dead space was 
when the lungs were ex- 
panded during deep breathing. 

Voluntary hyperventilation and _ ex- 
ercise expand the anatomic dead space. 
It was observed that inhalation of 
increased the 
volume in normal persons. 

In this will not at- 
tempt to improve upon Fowler's’ and 
Comroe’s* ingenious concepts of the 
composition of the various gases which 
flow past the sampling leak of the nitro- 
gen meter during a single breath. The 
concept of Bohr? which has been veri- 
fied again and again has been found 
to be infallible in this study. 
the authors have 


measured 


bronchodilators airway 


discussion we 


y. Herein 
devised a simpler 
method of locating, on a single breath 
curve written by the nitrogen meter, 
a point representing transition from in- 
crease to decrease in the rate of change 
of nitrogen concentration in the ex- 
pired air, that is, where the slope of 
the curve is zero. During the initial 
phase of expiration while the anatomic 
dead space is being rendered free of 
oxygen, there is an increase in the rate 
of change of nitrogen concentration. 
As the anatomic dead space is freed of 
oxygen by the flow of alveolar nitro- 
gen, the rate of increase of the nitrogen 
concentration in the expired air is 
diminished in contradistinction to the 
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absolute quantity of nitrogen. Thus this 
is the point on the nitrogen meter curve 
to be projected onto the volume-flow 
curve of the pneumotachograph repre- 
senting the specific volume of alveolar 
Vas required to remove the oxygen 
from the anatomic dead space. Since 
the interface gases flow- 
ing from the alveoli and dead space is 
not a square wave the curve is unsym- 
metrical. The inflection point will alter 
its position with change 


between the 


in slope of 
the steepest portion of the curve, and 
at a level representing the start of de- 


crease in the rate of change of nitro- 
gen concentration flowing past the 
sampling leak of the nitrogen meter. 
The symmetry of the nitrogen meter 


curve is determined | by the concentra- 
tion of oxygen and nitrogen in the ex- 
pired gas. If the nitrogen meter curve 
were perfectly 
\, B, and F 


answers. 


symmetrical, methods 


would identical 
such will not be the 
therefore, meth- 
ods A and B are preferable to F in 
calculating anatomic dead space. 
ther, the method of 
breath curves 
which is presented in this publication 
is remarkably flexible 
for estimating the anatomic dead space 
in patients with pulmonary 
which markedly alter the 
gas flow. 


vield 
However, 
case in most instances; 
Fur- 
analysis of the 
nitrogen 


single meter 


and can be used 
diseases 


dyn: iumics of 


The size of the model anatomic dead 
space calculated with method A com- 
pares favorably with the known space 
and that calculated with the more com- 
plicated and lengthy Bohr formula as 
shown in Table 2. 

A few technical expedients were dis- 
covered during the course of these ex- 
periments: the rate of flow of expired 
air past the leak of the nitrogen meter 
must be held within a range which will 
permit the nitrogen meter to follow 
accurately the change in concentration 
of nitrogen in the expired air. Small 


dis- 
yired 
1eter 
will 
yllow 
ation 
small 
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irregularities in the volume of gas flow 
through the pneumotachograph cannot 
be avoided in persons with severe pul- 
monary disease. In fact, the lack of 
uniformity of flow when it is of small 
magnitude causes an insignificant error 
in the anatomic dead space calculation. 
The nitrogen meter sampling tube must 
be as short as feasible to prevent a 
lengthy lag between the response of 
the pneumotachograph and_ nitrogen 
meter. The pressure of the nitrogen 
meter should be rigidly controlled with- 

in the optimal operating range which 
is usually 400 to 600 microns of mer- 
cury. If this precaution is not observed, 
reproducible values for anatomic dead 
space cannot be obtained from breath 
to breath. 


Summary. A new geometric and 
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TION OF SINGLE BREATH TECHNIQUE = 75 
mathematical method for estimating 
anatomic dead space from the nitrogen 
meter single breath curves has been 
presented. The new method produces 
anatomic dead space values equal to 
those calculated with the Bohr formula 
and a formula for a model with known 
dead space values. 

Anatomic dead space increases with 
age. It varies with the change of pul- 
monary volume during respiration. 

Hyperventilation with or without 
additional exercise leads to an increase 
in anatomic dead space. It decreases in 
changing from the sitting to the supine 
position. In the patients studied with 
pulmonary emphysema, the anatomic 
dead space was decreased or was nor- 
mal and the physiologic dead space was 
increased. 
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SUMMARLO IN INTERLINGUA 


Evalutation del Technica a Respiration Unic pro Mesurar le Anatomic 


Spatio Morte Respiratori per 


Medio del Nitrogenometro 


Es presentate un nove methodo geometrico-mathematic pro estimar anatomic 


patio morte ab curvas nitrogenometric 


a respiration unic. Le nove methodo 


roduce valores de anatomic spatio morte equal al valores calculate per medio 
| formula de Bohr e un formula pro un modello in que le valores de spatio 


rte es cognoscite. 


Le anatomic spatio morte cresce con le etate del subjecto. Illo varia con le 
lumine pulmonar durante le respiration. 

Hyperventilation con o sin exercitio additional resulta in un augmento del 
itomic spatio morte. Iste spatio morte decresce quando le subjecto se move 
un position sedente a un position de decubito dorsal. In patientes con 


iphy sema pulmonar nos trovava que le 


anatomic spatio morte esseva reducite 


iormal durante que le physiologic spatio morte esseva augmentate. 
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SICKLE cell anemia was first reported 
by Herrick® in 1910. In addition to de- 
the 
hematologic 


and 
patient, 
Herrick also recorded the urine specific 
Gravity 


scribing principal clinical 


features of his 
from 


readings which 


1.010 to 1.014. 
Huck’, Sydenstricker™ 
students of the disease called attention 
to the low specific gravity of the urine 


ranged 
1922 


and other ear] 


Mason!? in and 


in their cases. Following these early 
observations, however, the renal status 
ot sicklemic individuals received little 
attention for almost a quarter century. 
Indeed, as late as 1950, Henderson’, 
in his excellent review, cited the gen- 
erally statement that the 
specific gravity is fixed in sickle cell 


accepted 


anemia, and called for further and 
more detailed renal studies in this 
group 

Some vears ago we became aware 


of low specific gravity findings in our 
own cases of the disease and were im- 
pressed by the absence of associated 
clinical signs of renal impairment. The 
present study was undertaken, there 
fore, in order to evaluate renal func- 
tion in sicklemic subjects. Preliminary 
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observations" 
that an 
normally 
cell anemia as 
(Kunz et al.” 

individuals 


1% provided the discovery 
inability to concentrate urine 
a feature of sickle 


ré ported by 


is not only 
others 
but is also present in 
the trait for 
sickling", Since this finding was pres- 
ent in all 7 cases of sickle cell anemia 
and all 14 individuals with sickle cell 
trait tested, it was postulated that the 


manifesting 


renal defect might be transmitted 
genetically. In an effort to test this 
hypothesis further, the studies were 


extended to additional subjects with 
sicklemia. The cumulative findings in 
these investigations form the basis of 
the present report 

Material and Methods. PATIENT MATERIAI 
A total of 52 individuals who exhibited sick 


ling of their erythrocytes in one or more of 
1 tests for the phe nomenon have so far been 
studied. On the basis of clinical, hematologic 


there were 16 


33 of sickle cell 


and electrophoretic evidence 
cases of Sit kle ll anemila and 


trait. Two additional patients had sickle cell 
trait and thalassemia minor, while another 
manifested both sickle cell trait and hemo 


globin C trait. 

The patients with sickle cell anemia ranged 
in age from 15 to 44 years, while the age of 
the trait subjects varied from 13 to 57 years 


*Aided in part by the Temple University Hematology Research Fund 
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Twenty-one of the individuals were males, 
and 3] were fe males. Seven ot the sickle cell 
trait group were white (Italian); the remain- 
ing subjects were Negroes. 

Whenever possible other members of the 
subjects’ families were studied. In this man- 
ner, nonsickling and genetic relationships 
could also be considered. In addition, several 
subjects with thalassemia trait and other long- 


standing anemias were also tested, 


TABLE 


RENAL DEFECT IN SICKLEMIC INDIVIDUALS 


1.1% saline solutions for intervals up to 24 
hours 

Complete urinalyses, 18-hour urine concen- 
tration tests, and maximum osmotic pressure 
of the urine as determined by freezing point 
depression were performed in all cases. The 
18-hour urine concentration test was repeated 
in several subjects after the intramuscular ad 
ministration of 5 units of pitressin tannate in 
oil. Blood urea nitrogen and creatinine deter- 


RESULTS OF PERTINENT RENAL STUDIES IN 16 CASES 


OF SICKLE CELL ANEMIA 


lest No. Cases 

Maximum urine specific gravity ° 16 
\laximum urine osmotic pressure 14 
Blood urea nitrogen S 
Urea clearance Normal S 
Serum creatinine 10 
Creatinine clearance Normal 10 
Phenolsulf nphthalein excretion, 

| hr. total 1] 


°Atter 18 hr. fluid deprivation 


Range a 
1.006 to 1.016 LO] + 
326 to 55] 120.7 -72 
5 to 16 mg.% §.25m¢e.% +3.4 
60 to 173 121% + 40.5% 
0.72 to 1.5 meg 1.08 mg.& +0.28 mg 
65 to 151% LO3% + 

51 to 87% 67.6% + 11.8% 


By freezing point depression, in mOsm. per liter 


rTABLE 2.—RESULTS OF PERTINENT RENAL STUDIES IN 36 CASES 


OF SICKLE 
Maximum urine specific gravity® ° 
Maximum urine osmotic pressure 
Blood urea nitrogen 24 
( Trea cle Trance Normal 23 
Serum. creatinine 24 
Creatinine clearance Normal 93 
| nhthal 
renolsubbonphthalem excretion 
| hi tot il 95 


*Includi 


CELL TRAIT® 


Range \Vlean a 
L.OLO to 1.029 1.0167 OO45 
113 to 9SO 604 + 154 
7 to 18 mg 11.85 mg.% 3.14 mg 
72 to 175% LOT" +98 
0.7 to 1.9 mg.4 LJSmg.6 +0.37 mg 
51% to 1509 98.6% + 24.49 
1S to SS% 66.4% +§ 5% 


ng 2 patients with mixed sickle cell trait and thalassemia minor, and | patient 


with sickle cell trait and hemoglobin C trait 


same as tor Table 


LABORATORY sTuprEs. All patients had com- 
ete hematologic evaluation with determina- 
ms of the hemoglobin, erythrocyte count 
hematocrit; leukocyte count, differential, 
nd erythrocyte 


morphology; reticulocyte 
uints; platelet counts; and determination of 
etal hemoglobin by the alkali resistance meth- 
1, Quantitative erythrocyte fragility tests, 
emoglobin ek ( trophoresis, and blood ¢roup 
notyping were pr rformed in many instances. 
ests for sickling were carried out using the 
iggs method, the sodium metabisulfite tech- 
jue, and by incubating petrolatum rimmed 
vthrocyte suspensions in 0.9% saline and 


) 


minations, Addis counts, urea and endogenous 
creatinine clearance tests, and phenolsulfon- 
phthalein excretion at 20, 40, and 60 minutes 
after intravenous dye injection (6 mg.) wer 
done in the majority of subjects, while intra- 
venous pyelography and Hickey-Hare tests 
were performed In selected cases. 


Results. The results of the principal 
renal function tests used in this study 
are summarized in Tables 1 and 2. It 
can readily be seen that the mean 
values for blood urea nitrogen, urea 


| 
T\ 
le 
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clearance, serum creatinine, creatinine 
clearance, and _phenolsulfonphthalein 
excretion are normal for the sickle cell 
anemia patients as well as for the sickle 
cell trait individuals tested. The most 
striking finding in both groups of sub- 
jects was the limited ability to excrete 
a concentrated urine as determined by 
specific gravity and osmotic pressure 
methods. From inspection of the tables 
it can be seen that this defect was more 
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jects tested is shown in Fig. 1. Excel- 
lent urine dilution was achieved 


Following the in- 
NaCl, there 
was a rapid decrease in urine flow with 
a rise in specific The 
concentration maximal, without 
further increase upon the intravenous 
injection of 0.1 unit of pitressin. 


through hydration. 
travenous infusion of 3% 
gravity. urine 
Was 


These 


findings were interpreted as indicating 
that 


the pituitary-osmoreceptor re- 


owe Urine volume 


Urine specific gravity 


t/O16 
8 tLOl4 
11010 
+1008 
~ 
+1006 
+004 & 
tlOO2 
+lOO0O 
O I§ 30 45 60 90 120 /50 /80 2/0 240 
Time in Minutes 
Fig. 1. Hickey-Hare test in 19-year-old patient (R.D.) with sickle cell anemia. Note ability 


to excrete dilute urine after hydration, limited re sponse to infusion of 


hy pertonic saline, and 


absence of further concentration of urine after intravenous injection of pitressin 


pronounced in the sickle cell anemia 
subjects than in the sickle cell trait in- 


dividuals. In the former group, the 
mean specific gravity after 18-hour 
urine concentration tests was 1.011 


while the sickle cell trait group was 
found to have a mean value of 1.017. 
The mean maximum urine osmotic 
pressure 421 mOsm. per liter 
in the sickle cell anemia subjects and 
604 for the sickle cell trait patients. 
The tvpe of response obtained in the 
Hickey-Hare tests in each of 9 sub- 


was 


sponse normal in this 


patients. 


was group of 

The members of two families were 
studied in detail. In Fig. 2, the age and 
hemoglobin value of each member of 
the W family is shown along with an 
indication whether or not they have 
sickle cell trait or sickle cell anemia. 
Results of the 18-hour urine concentra- 


tion tests in members of this family) 


are shown in Fig. 3. It may be noted 
that the grandfather with 11.4 gm. 
hemoglobin concentrated to 1.027, and 


| 
| 
| 
Hee 640. 3% Noo! | 
| 


vility 
and 
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vere 
and 
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the eldest son to 1.026. Neither of these 
individuals have sickle cell hemoglobin 
by the conventional tests or by paper 


and Tiselius electrophoresis. ° 


The findings in the D’ family, who 
are of Italian origin, are given in Fig. 
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4. Several members of this family ex- 
hibit sickle cell trait; others the thalas- 
semic trait, and two appear to have 
microdrepanocytic disease. Again it 
may be noted that low specific gravity 
of the urine was obtained in subjects 


PEDIGREE OF W FAMILY 


4@ yrs 
113 gm) 


73 yrs 
(Hgb. 11.4 gm) 


49 yrs. 
13.0 gm) 


28 yrs 26 yrs 


24 yrs 


(H9b. 15.2 9m) (Hgb. 81gm) (H9b 81 gm) 


“Norma!” 
Sichle Cell Trait 


Sickle Cell Anemia 


Fig. 2 Age, hemoglobin value, and sickling status of members of W family 


W FAMILY 
/8 hr URINE CONCENTRATION TESTS 


on 


Sp. gr 
1027 


Sp. gr Sp. gr 


Sp gr Sp. 


gr Sp. gr 


1.026 1.001 1.007 


» 
0 Not Examined 
“Normal” 


o Sickle Cell Trait 


B Si¢hle Cell Anemia 


Fig. 3.—Results of 18-hour urine concentration tests in members of W family. 


*Kindly performed by Dr. Karl Singer, Chicago, Illinois. 
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with sickle cell trait but not in those 
with the thalassemic trait alone 


Discussion. These studies indicate 


that with few exceptions sicklemic in 


dividuals are unable to concentrate 


urine normally, although clinical tests 
ol renal function vield no other evi 
dence of impaired renal function. Poor 


concentrating power was present in all 
16 patients with sickle cell anemia and 
) cell 


32 Or subjects with sickle 


\ ravity 1 osmolarity 
) ily. Note low specific gravity 

uals who have sickle 
trait. Parallel findings were obtained 
in the urine osmotic pressure studies. 


According to Leaf et al.’! normal sub 


jects can ichieve values of 1000 to 1200 
mOsm. per liter, or more, under 
similar test conditions. In this group 
of sickle cell anemia patients, therefore, 
the mean osmotic pressure of 421 
mOsm. per liter is about half that of 
normal individuals. The maximum urine 
osmotic pressure in 32 of the sickle 
cell trait individuals ranged from 413 


to 746 mOsm. per liter. The remaining 
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t patients with sickle cell trait reached 


maximum osmotic urine — pressures 
ranging from 909 to 980 mOsm. per 
liter. The mean maximum urine. os- 


motic pressure for the entire group of 
sickle cell trait subjects was only 604 
mOsm. per liter, however. Attempts to 
increase the urine specific gravity and 
the urine osmotic pressure by the in 
tramuscular Injection ol pitressin were 


unsuccessful, 


fter fluid d hours 


urine atter eprivation for 18 in 
ind osmolarity is prese nit ly in those individ 
cell he moglobin 

The Hickey-Hare tests which were 


performed in 9 of these subjec ts clearly 
indicated that the pituitary-osmorecep- 
ot 


these patients to concentrate urine nor 


tor response was normal. Failure 
mally, therefore. is attributed to dys- 
function of the renal tubules. 


The role ot 


was considered in connection with this 


low hemoglobin values 
phenomenon, but could not be impli 
cated as the cause of poor urine con- 
it in at 
least 7 trait individuals who had hemo- 


centration since was observed 


> 4020 @ C 
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¢lobin values ranging from 13 to 15.5 
gm. Conversely, the highest urine 
specific gravity of 1.029 with an osmotic 
pressure of 909 mOsm. per liter was 
obtained in a subject with 9.5 gm. of 
hemoglobin. Furthermore, patients with 
thalassemia minor and other equiva- 
lent long-standing anemias of nonsickle 
origin tail to show a comparable defect 
in the urine concentration function. 

In some respects, persistence of fetal 
type kidney function (McCance!™) is 
suggested by this observation. The find- 
ings differ from the fetal kidney, how- 
ever, in that sickle cell individuals are 
able to excrete very dilute urine fol- 
lowing hydration (Fig. 1). Thus, the 
specific gravity is not fixed as was 
formerly believed ( Henderson® ). 

Sicklemic patients may, of course, 
have various forms of renal disease 
superimposed on this apparent hypos- 
thenuric detect. In this connection, it 
mav be noted that we have been able 
to find only one instance of renal cal- 
culus in a sickle cell patient and that 
was associated with pyelonephritis. It 
may be, therefore, that the presence of 
| poor concentration function offers 
some degree of protection against the 
formation of renal calculi in sickle cell 
patients. In this connection it may be 
pointed out that a lower incidence of 
renal calculi has been observed in 
Negroes than in the white race ( Lat- 
timer 

The syndrome of primary aldoster- 
mism, recently described by Conn’, 
lso is characterized by limited urine 
oncentration function. The associated 
erum electrolyte disturbances of aldo- 
teronism were not present, however, 
1 these sickle cell subjects. 

It is of interest that hyposthenuria 
nay be related to the pathogenesis of 
risis in sickle cell anemia. Sharpsteen"™ 
presented evidence that in vivo 
ickling is influenced by differences in 
he protein osmotic pressures between 
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erythrocytes and plasma. Since dimin- 
ished capacity to concentrate urine pre- 
disposes to dehydration and relative 
hemoconcentration, the renal defect de- 
tected in these patients may contribute 
to the development of increased plasma 
osmotic pressure. According to Sharp- 
steen’s theory, factors tending to in- 
crease osmotic pressure enhance  sick- 
ling and possibly precipitate the syn- 
drome of sickle cell crisis. 

Thus, of 52. individuals — studied, 
whether sickle cell trait or sickle cell 
anemia, 48 have exhibited a defect in 
urine concentration function. That this 
phenomenon may have a genetic basis 
is suggested by its uniformity of oc- 
currence and may be supported by the 
findings in 3 generations of the W 
family (Figs. 2 and 3) and also in 3 
generations of the D’ family (Fig. 4). 
There were, however, 4 sickle cell trait 
individuals who were able to reach 
maximum urine Osmotic pressures in 
excess of YOO mOsm. per liter. From 
a genetic standpoint, these exceptions 
could) be explained on the basis of 
diminished gene penetrance, or pos- 
sibly through crossing over of the af- 
fected gene. Recent studies by Keitel 
Thompson* have confirmed our 
finding of poor renal concentration 
function in sickle cell trait as well as 
sickle cell) anemia. These workers 
found, however, that the renal concen- 
tration disability could be modified by 
multiple transfusions with prolonged 
maintenance of the hematocrit at 40% 
or better. Not all subjects so transfused 
experienced improvement in the renal 
concentrating power, however. Thus, 
the defect which is exhibited by sick- 
lemic individuals is probably physio- 
logic or metabolic in nature, rather than 
anatomic. Its presence does not depend 
on the simultaneous occurrence of an- 
emia, but it is associated with the pres- 
ence of sickle cell hemoglobin. It ap- 
pears, therefore. to be inherited as part 


} 

n at 
mo 


The 


of the over-all picture of the sicklemic 
state 

Whatever ultimately proves to be the 
basis for this finding, however, it seems 
that 
remained 


strange such a simply detected 


defect undiscovered for so 
long. Possibly, the lack of evidence for 
impairment of other renal functions was 
an important deterrent in this connec- 
tion. For example, determinations of 
glomerular filtration rate, effective renal 
plasma flow, effective renal blood flow, 
and tubular excretory capacity for para- 
aminohippurate were made by Brandt! 
in 9 cases of sickle cell anemia, and by 
Etteldort et al. in 8 children® and 10 
adults* with sickle cell anemia. Supra- 
normal values were obtained with these 
more precise tests for renal hemody- 
namics. Unfortunately, specific gravity 
and osmolarity tests were not included 
in their Attention should be 
called to the fact that Kunz and his 
colleagues? did independently note the 


studies. 


impairment of urinary concentration in 
sickle cell anemia and attributed this 
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phenomenon to a renal defect. Their 


observations, however, were not ex- 
tended to sickle cell trait 


Summary. |. 


individuals 
Renal function studies 
were performed in 16 patients with 
33 with sickle cell 
mixed sickle cell trait- 
thalassemia trait, and 1 with mixed 
sickle cell and hemoglobin C traits. 

2. Mean values tor 


sickle cell anemia, 


trait, 2 with 


the clinical tests 
of renal function were well within limits 
of normal for all groups 

3. Limited ability to excrete a con- 
centrated urine after fluid deprivation 
for 18 the striking 


finding. 


hours was most 

}, This defect Was more pronounced 
in sickle cell anemia than in sickle cell 
trait subjects: the mean maximum urine 
osmotic pressure was 421 mOsm. 
per liter in the former, and 604 mOsm. 
per liter in the latter. 

5. Reasons for considering the lesion 
tc be renal, of phy siologic or metabolic 
nature, and inheritable as part of the 


sicklemic state are presented. 
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lub plasma protein fractions oscil- 
late within certain limits which are con- 
sidered as normal in healthy individ- 
uals. Under pathological conditions, 
however, these oscillations may become 
more or less enhanced. In order to in- 
vestigate such variations, we have been 
co-ordinating clinical and electropho- 
retic studies in several diseases*!* in 
which changes of protein concentra- 
tions have been disclosed by chemical 
determinations. 

In the present paper we describe the 
electrophoretic patterns of the blood in 
6 cases of disseminated and 12 of the 
fixed type ot lupus erythematosus, with 
complete clinical observations, labora- 
tory examination findings and courses 
f treatment. We have endeavored, in 
particular, to co-ordinate the electro- 
phoretic patterns with the clinical and 
iboratory findings which permit the 
nterpretation of the results according 
to the degree of evolution of the dis- 


aSC, 


Material and Methods. The patients came 
ym the ward of Professor Aguiar Pupo in 
e Hospital das Clinicas, of the Faculty of 
ledicine of the University of Sao Paulo. 
lood was obtained by venipuncture and 


collected in oxalate, separating the plasma by 
centrifugation. Laboratory and clinical ex- 
aminations were performed by the custom- 
ary methods. The electrophoretic analyses 
were performed in a Tiselius apparatus ac- 
cording to the method described by two 
of us!8, 

Case Reports. case 1. September 12, 1951. 
The patient was a 32-year-old Japanese wom- 
an who had her first lesions 3 years ago. Ther« 
were erythematous infiltrated lesions on the 
hands, purpuric petechial lesions on digital 
pulps, and ungual dystrophies. She complain- 
ed of loss of weight, general depression, ar- 
ticular pains, insomnia and fever. Physical 
examination revealed limitation of articular 
movements, hyperemia and hypertrophy of 
tonsils and the lymphoid follicles at the base 
of the tongue, congestion of the vocal cords, 
and nonspecific vaginitis and radiological evi- 
dence of interlobar pleuritis on the right side. 
Follow-up examinations from September 15, 
1951. to Mav 5, 1952, revealed that the 
cutaneous lesions and general symptoms dis- 
appeared after 3 months. Treatment con- 
sisted of 0.2 gm. BCG weekly from Septem- 
ber 14, 1951, to December 17, 1951. total- 
ing 2.6 gm. Laboratory examinations showed 
the following: Mantoux test + at 106 on 
October 30, 1951, ++ at 10? on May 5, 
1952. Hemograms showed leukocytosis, lym- 
phocytosis and deviation to the left. Tests 
for LE cells were negative on October 5, 
1951, and on May 8, 1952. Serum protein 
A/G ratios ranged from 1.5 to 1.9 (see 
Table 1). Liver function tests showed the 


This paper was read at the June, 1952, meeting of the Sao Paulo Medical Association. 


*Hospital das Clinicas, Sao Paulo, Brazil. 
tInstituto Butantan, Sao Paulo, Brazil. 
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flocculation tests positive the Weltmann test 1952, totaling 9.8) gm The Mantoux test 
is normal. Streptococcic sensitivity was not was + at LO? on October 31, 1951, and 
tested. The urine showed 6 to 8 degenerate Lt at 105 on August 26, 1952. The blood 
leukocytes per fic ld showed lymphocytosis with deviation to the 
CASE 2. August 21, 1951. The patient was left, neutrophils with toxic granulations and 
Brazilian woman. Her first leukopenia. Serum protein A/G ratios wer 
ion pp red 14 months igo The lesions 0.5 and 0.8 SCE Table | LE cells were 
were infiltrated and hyperpigmented — with positive up to June 27, 1952; negative on 
lherent scaly rusts, follicular lesions with August 7, 1952. Liver function flocculation 
horny spicul and swelling and ulceration — tests were positive; the Weltmann test reacted 
ot the lips Shi omplained of asthenia, an up to the LOth tube. Streptococcic sensitivity 
rexia, loss I weight irticular pains, Insom was negative Albumi present im the 
fever, night sweats, precordial oppression Lirine 
DISSEN aL BU GLOBULIN | TOTAL 
CASE) TYPE) MIN [ALPHA |ALPHA,| BE TA| FI BR.GAMMA/PROTEIN 
ne 
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f 3 7 ] @) 3 8,18 
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| 2.1% | 0.37 | 0,93 | 0,62 | 0,69) 


IMAL im 4,70} 0,30 | 0,55 | 0,90| 0,40} 0,90|7,75 


Pal Electrophoretic studies in disseminated lupus erythematost 

lysprie ifter exertion. Physical examina CASI November 29 195] The patient 
tion revealed lp bral edema. masculine dis was a 34-vear-old Brazilian woman. Ervthe 
tribution haw poly idenom« galy, blood matous infiltrated | in butterfly form 
pressure 140/90 nodosities in axillary and ind follicular horny picules o curred 2 years 
humeral arteries, enlarged hilus with small ago. She complained of general depression, 
nodular calcifications, slight velamen of right articular pains, palpebr il edema, and _ sting 
pe ind radiologic il evidence of the bone ing pain in left hemithorax Physical exam 
ilterati ; f rheumatoid arthritis. Follow up ination revealed poly der megaly diminished 
examinations trom June 6 1951, to September respiratory expansion — of left hemithorax, 
), 1952, showed disappearance of cutaneous palpebral edema, swelling, heat and redness 
lesions and general symptoms and a 9-k¢ of articulations opacity of external half. of 
iin in weight after 7 months. Treatment uppel lobe of right hemithorax. discrete epiph 
was given with oral BCG 0.2 gm. weekly vseal osteoporosis Follow up examinations 
from September 6, 1951, to Se ptember L6 from December 4, 1951, to August 29, 1952, 
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revealed nearly complete disappearance of 
cutaneous lesions and improvement of her 
general state after 9 months. Treatment with 
oral BCG 0.2 gm. weekly from December 
1, 1951, to July 21, 1952, was without result, 
and 200 mg. cortisone daily was given from 
July 9, 1952, to October 11, 1952. Mantoux 
test was negative. Hemograms showed deviation 
to the left and toxic granulations in the neu- 
trophils. LE cells were positive up to May 21 


1952. and negative on July 23, 1952, after 


transfusion. Serum protein A G ratios were 


1.1 and 2.0 (see Table 1). Liver function 


Hocculation tests were positive. The Weltmann 
test was normal. Streptococcic sensitivity was 
negative Albuminuria with 2 to 4 leuko- 
cytes and 2 to 3 erythrocytes per field was 
prese nt 
CASI 1. December 27, 1951. The patient, 
16-year-old Brazilian woman, had her first 


sion 4 months ago. The lesions were erythe- 
atous and infiltrated with protruding edges 


on face and skull, ulcerations with puncti- 
form hemorrhage on lips and gums and 
hemorrhagic periungual ulcerations. She com- 
plained of general depression, articular pains 
ind swelling, pectoralgia, and pains in left 
hypochondrium. Physical examination revealed 
polyadenomegaly, swollen, painful red- 
lish joints, pronounced jaundice, hepato- 
egaly, splenomegaly, infiltration of right 


base, velamen of right diaphragmatic sinus, 
ind systemic osteoporosis. From December 
1951, to June 4, 1952, there was great 
improvement of the cutaneous lesions but 
persistence of the general state of ill health 


iftter 6 months. She was treated with oral 
BCG 0.2 gm. weekly from January 22, 1952, 
to June 4, 1952, a total of 3.8 gm. The Man- 
toux test was + at 106 on December 28, 
1951, and + at 10° on March 21, 1952. Ex- 
umination of the blood revealed an eosino- 


philia, hypochromia neutrophils with 
xic granulations. LE cells were present. 
Serum protein A/G ratios were 1.1 and 1.7 
see Table 1 Liver function flocculation 
tests were positive. The Weltmann test was 
ormal. Stre ptococcn sensitivity was positive 
m January 17, 1952, and negative on March 
21, 1952. Albuminuria with an abundance 
f leukocytes and erythrocytes was present. 
case 5. December 17, 1951. The patient, 
60-year-old Italian man, had his first lesions 


? years ago There were ervthematous infil- 
trations with scales on the face, neck, me- 
liastinal region, back and forearms, and _ re- 


idual xanthomatous lesions on the extremi- 
ties. He complained of articular pains, fever, 
isthenia, pruritic lesions, and attacks of 
iddiness. Physical examination revealed a 


precarious general state, a blood pressure of 
180/100 with splitting of the first sound at 
the mitral area, and cochlear degeneration. 
Follow-up examinations from December 17, 
1951, to September 27, 1952, showed involu- 
tion of cutaneous lesions with slight relapse 
and disappearance of the general symptoms. 
He was treated with 0.2 gm. of BCG by 
mouth weekly from December 17, 1951, to 
September 23, 1952, a total of 7.0 gm. The 
Mantoux test was at 107 on November 19, 
1951, and at 105 on August 5, 1952. The 
blood showed a leukopenia, deviation to the 
left and eosinophilia in the beginning, turning 
to aneosinophilia, toxic granulations and 
thrombocytopenia on July 1, 1952. On De- 
cember 14, 1951, LE cells were negative, 
becoming positive on February 14, 1952, and 
remained so until July 8, 1952. Serum pro- 
tein A/G ratios were 1.1 and 1.3 (see Table 


1). Liver function flocculation tests were 
slightly positive. The Weltmann test was 
normal. Streptococcic sensitivity was nega- 
tive. Albuminuria was present but disap- 


peared after January 10, 1952. 

cAsE 6. July 24, 1951. The patient, a 23- 
vear-old Brazilian woman, had no cutaneous 
lesions. She complained of fever, stinging 
pains in the left hemithorax, buzzing in the 
ears anorexia and dyspnea atter exertion 
Examination reve ale d palpebral edema, adeno- 
megaly, increase of fremitus, and a massive 
left base, myocardial involvement (electro- 
cardiograph ) and pleural effusion at the left 
base. From July 24, 1951, to January 1, 1952, 
there was accentuation of palpebral edema, 
dyspnea and hypertension. She was treated 
with cortisone, vitamin E, antihistaminics and 
streptomycin. The Mantoux test was + at 
107 (August 31, 1951). The blood showed 
leukopenia, deviation to left, neutrophils with 
toxic granulations, eosinophilia and hypochro- 
mia. Test for LE cells was positive. Serum 
protein A/G ratios were 0.8 and 1.2 (see 
Table 1). Liver function flocculation tests 
were positive. The Weltmann test was slightly 
shortened. Streptococcic sensitivity was not 
tested. There was albuminuria with some de- 
generated leukocytes and a few erythrocytes 
per field. 

case 7. July 19, 1951. The patient, a 37- 
vear-old Brazilian woman, had her first lesions 
5 vears ago. There were erythematous scaly 
lesions on the face, ears, sternal region, side 
of neck and occipital region and pigmentary 
lesions with atrophy on the forearms. She 
complained of itching lesions. Clinical ex- 
amination disclosed nothing noteworthy. 
Follow-up examinations from August 29, 
1951, to November 25, 1952, showed atten- 


= 


R6 The American Journal of the Medical Sciences * 


uation of lesions disappearance of scales and 
reduction of infiltrations. Treatment consisted 


of oral BCG 0.2 gm. weekly from August 
29, 1951, to October 17, 1952, (a total of 
8.2 gm.) with several interruptions due to 
gastric intolerance. The Mantoux test was 

at 102 on August 2, 1951, and 
+++-+ at 10° on August 11, 1952. The 


blood showed leukopenia,, deviation to the 
left, and eosinophilia. No test for LE cells 
Serum protein A/G 
Table 2). 


was made ratios 


1.7 and 1.9 See 


were 


Liver function 


July, 1956 


late, bismuth, gold salts and oral BCG 0.2 
gm weekly from August 20, 1951, to July 
3, 1952 (a total of 6.2 gm.), ) 
December 6, 1952, to 
The Mantoux test + at 103 on Au- 
gust 21, 1951, and at 10° on Novem- 
ber 20, 1952. The blood showed lymphocytosis 
and neutrophils with toxic granulations. LE 


cells were negative. Serum protein A/G ratios 
>) 


quinacrine from 
February 27, 1953 
was 


ranged from 1.5 to 1.8 (see Table Liver 
tests 


sensitivity 


function flocculation were essentially 


normal. Streptoc occk showed 10- 


XEO|ALBU: GLOBULIN |TOTAL 
CASE|+ | min IALPHA, [ALPHA] BETA [FIBR [GAMMA |PROTEM 
n2 7 

0.22 |056] 082/068 75: 
#105) re — |0,96]7,89 

22-85) 0,3 0,5 1,30 | 8,9) 
509/031 |056|0,81| — |1,20| 7,97 
11-252 5,10] 0,2 8 | 050] 0,55] 0,90] 1,17 | 8,50 
| 
92:85) #,84| 0,32 | 0,771 1,18] 0,6 1| 1,06| 8,78 
nh? 10 
7.1051 4,48] 0,28 | 067| 0,58] 038/071) 7,10 
in? 11 
248s) }5,15| 0,37 |074|099/0,59/099/ 683 
}n212 

1410.5) 495/034 — 10,79] 752 
In213 

+, S$] 0.35 | 0,78 | 0,78 | 0,72 | 0,90/ 8,07 


Table 2.—Electrophoreti: 


flocculation tests were slightly positive The 
Weltman test was shortened. There was strep- 
sensitivity: 10-minute readin 


24-hour reading positive (+). 


tococck neg- 


The 


ative, 
urine Was normal. 

cASE 8. December 7, 1950. The patient, a 
22-yeal old Brazilian woman, had her first 
lesions 5 years ago. There were erythema- 
matous scaly 
gion. She 


amination 


lesions on nose and sternal re- 
had no complaints. Physical ex- 
revealed nothing of significance. 
Follow-up study from August 20, 1951, to 
July 3, 1952, alteration of the 
lesions. She was treated with sodium salicy- 


showed no 


studies in fixed lupus erythematosus 


negative 24-hour reading 
. The urine was normal. 

9. June 12, 195] 
year-old Brazilian woman, first had 
2 years There patches with in- 
filtrated edges and atrophic centers on the 


minute reading 
positive ( 


CASI The patient, a 52- 
lesions 


ago. were 


nose and malar regions. She complained of 


a burning sensation at the cutaneous lesions. 
blood 


sure (155/95), an accentuated second aortic 


Examination revealed a normal pres- 
sound, Duplay’s disease (subacromial or sub- 
deltoid bursitis) and articular pains. Follow- 
up study from June 12, 1951, to March 1, 


1953, showed complet disappearance of the 
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cutaneous lesions. She was treated with oral 
BCG 0.2 gm. weekly from July 2, 1951, to 
October 1, 1952, a total of 13.6 gm. The 
Mantoux test was +-+ at 10% on June 12, 
1951, and March 4, 1952. The blood showed 
eosinophilia, deviation to the left, and lympho- 
cytosis. Serum protein A/G ratio was 2.0 
(see Table 2). No test for LE cells was 
made. Liver flocculation tests were negative. 
The Weltmann coagulation band extended to 
the 5th tube. Streptococcic sensitivity was 
not tested. The urine was normal. 

cask 10, May 30, 1951. The patient, a 
30-year-old Brazilian man, first had lesions 
6 months ago. The lesions were erythematous 
and swollen in butterfly form and there were 
papulous lesions on the sides of the neck. 
He complained of frequent headaches, peri- 
odic diarrhea, and itching lesions. Physical 
examination revealed nothing worth noting. 
Follow-up study from September 12, 1951, to 
February 23, 1953, showed the lesions no 
longer infiltrated but. still erythematous. He 
was treated with oral BCG 0.2 gm. weekly 
trom September 14, 1951, to December 6, 
1951. Treatment with BCG was then aban- 
doned. On January 21, 1953, treatment was 
started with metoquina (an antimalarial 
drug), 3 tablets daily, and tocopherol 200 
mg. daily. The Mantoux test was + at 103 
on August 29, 1951. The blood showed neu- 
trophils with toxic granulations, deviation to 
the left, eosinophilia and thrombocytopenia. 
No test for LE cells was made. Serum pro- 
tein A/G ratios were 2.2 and 2.8 (see Table 
2). Flocculation tests for liver function were 
slightly positive; the Weltmann test reacted to 
the 4th tube Streptococcic sensitivity was not 
tested. The urine was normal. 

case 11. August 22, 1951. The patient, a 
44-year-old Brazilian man, had his first lesions 
7 years ago. There were erythematous scaly 
and infiltrated patches in the malar region. 
He complained of itching and burning. le- 
sions. Physical examination revealed an acute 
catarrhal conjunctivitis. Follow-up study from 
August 27, 1951, to February 11, 1953, 
showed attenuated but persistent lesions. He 
was treated with oral BCG 0.2 gm. weekly 
from August 27, 1951, to February 11, 1953, 
a total of 12.4 gm. The Mantoux test was 

at 108 on August 24, 1951, and October 
15, 1952. The blood showed neutrophils with 
toxic granulations, and deviation to the left. 
No test for LE cells was made. Serum pro- 
tein A/G ratios were 1.9 and 2.2. Liver 
function flocculation tests were slightly posi- 
tive; the Weltmann coagulation band extended 
to the 3rd tube. Streptococcic sensitivity was 


positive (+) at 24-hour reading. The urine 
was normal. 

CASE 12. December 18, 1950. The patient, 
a 56-year-old Brazilian man, had his first 
lesions 2 years ago. There were numerous 
erythematous lesions, infiltrated and with ad- 
herent scales in the center. He complained of 
general weakness and loss of weight. Physi- 
cal examination revealed congestion — of 
pharyngeal-laryngeal mucous membranes, hy- 
pertrophy of lymphoid follicles at the base 
of the tongue, altered pigmentation of the 
retina with narrowed vessels. Follow-up 
study from December 18, 1950, to March 
5, 1953, showed reactivation of lesions up 
to October 17, 1951, thereafter, a diminished 
infiltration. He was treated with vitamin B, 
for one month, vitamin E, and sodium salicy- 
late. Oral BCG 0.2 gm. weekly was given 
from October 17, 1951, to August 11, 1952, 
a total of 9.0 gm. The Mantoux test was 4 
at 104 on December 19, 1951, and +4 at 
108 on September 4, 1952. The blood showed 
lymphocytosis, neutrophils with toxic gran- 
ulations, deviation to the left and eosinophilia. 
No test for LE cells was made. Serum pro- 
tein A/G ratios were 1.8 and 2.3 (see Table 
2). Liver function flocculation tests were 
negative. The Weltmann coagulation band ex- 
tended to the 3rd tube. Streptococcic sensi- 
tivity was negative. The urine was normal. 

CASE 13. May 30, 1951. The patient, a 58- 
year-old Brazilian woman, had her first lesions 
2 years ago. She complained of weakness and 
loss of weight. Physical examination revealed 
hypertension (200/100), accentuated second 
sound at the base, bubbling rales in the inter- 
scapular-vertebral region. Follow-up study 
from May 30, 1951, to March 5, 1953, showed 
disappearance of the cutaneous lesions. She 
was treated with BCG 0.2 gm. weekly from 
October 20, 1951, to January 7, 1952, a 
total of 2.0 gm., and with vitamin E and 
quinacrine. The Mantoux test was ++ at 
103 on October 12, 1951, and + at 104 on 
October 2, 1952. The blood showed neutro- 
phils with toxic granulations and eosinophilia. 
No test for LE cells was made. Serum pro- 
tein A/G ratio was 2.5 (see Table 2). Liver 
function flocculation tests were negative. The 
Weltmann test reacted to the 4th tube. Strep- 
tococcic sensitivity was positive (++) on 
24-hour reading. There was albuminuria with 
a few isolated or grouped degenerated leu- 
kocytes and erythrocytes. 

case 14. October 9, 1951. The patient, a 
40-year-old Brazilian woman, had her first 
lesions 4 years ago. The lesions were erythema- 
tous, scaly and infiltrated on the face, scalp 
and anterior and posterior regions of the 
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lesions. Physical examination revealed nothing 


omplained of itching and burning 


worth noting 
19, 1951, to 
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Follow-up study from October 
February 5, 1953. showed pro 
BCG. She was 


treated with sodium salicylate and vitamin E 
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Oral BCG 0.2 gm. was given weekly from 
October 0) L951, to August 26, 1952. al 
total of 8.0 gm. Cortisone was also admin- 
istere | The Mantoux test Wwas 1 at 104 on 
October 10, 1951] 1952. The 


blood showed neutrophils with toxic 


and on Jun 


vranu 


American Journal of the Medical Sciences « 


July, 1956 

March 10, 1953, showed improvement and re 
duction of infiltration. Treatment with sodium 
chrysalbine (a gold 


we ekly 


salicvlate, vitamin E 
preparation , and oral BCG 0.2 gm 
from November 20, 1951, to June 10, 1952, 
1 total of 6.0 gm. The Mantoux test was 
it 102 on November 19, 1951, and 

at 10° on December 16, 1952. The blood 
showed leukopenia, eosinophilia and deviation 
to the left 
protein A/G ratios were 1.5 and 1.7 (see 
Fable 3 


There were no LE cells. Serum 


Liver function tests were normal 


lations, deviation to the left eosinophilia and Streptococcic sensitivity was negative The 
leukopenia LE cells were not present. Serum urine was normal 
CASE FIXED/JALBU- GLOBULIN TOTAL 
TY PE} M1 N jALPHA, JALPHA,| BE TA 1 BR. |IGAMMA|PROTEIN 
h? 14 
419|0,33 |}0,81!0,97 |0,72 |0,86|7 88 
f 
}n215 | 
25105) §,02}0,36 | 0,76 | 0,90; 0,69 | 1,08] 8,81 
27-3-52 || +,88)0,3) 067 | 1,15 879 
n216 
1-12-51 0,23 | O85 | 10,75 1,04] 836 
n217 
3)-1.52| 1,01] 830 
n218 
1-2-52 IL. 0,53) 7,75 
13-3-52 |0,5S/ 065 |056 0761744 
!37.3.52| | 4,64] 0,26 1051) 060/054] 07717,32 
L 
Table 3 Electrophoreti: studies in fixed lupus erythematosus 
protein A/G ratios were 1.5 and 1.8 (see CASE 16. November 22, 1951. The patient, 


flocculation tests 
were negative The Weltmann coagulation 
band extended to the 5th tube. Streptococci 
sensitivity was strongly positive ( +) at 
{S-hour reading. The urine showed a few de- 
leukocytes 

October 25, 1951. The 
ir-old Lithuanian woman, had her first 


Table Liver function 


Fenerate d 

CASE 15 
a 17 Ve 
lesions 4 years ago. There were spreading and 


patient, 


erythematous infiltrated lesions on the face. 
She complained of itching cutaneous lesions 
Physical examination revealed increase of car- 
diac area at the expense of the right atrium. 


Follow up study from October 29, 1951. to 


had her first 
There were 


a 30-year-old Brazilian woman 
lesions 9 months ago numerous 
erythematous scaly lesions on the face, nodu- 
lar fistulated lesions on submaxillary 


(scrofulode rin She complained of 


region 
itching 
and burning lesions, general weakness, cough, 
attack of sero 
examination § re- 


expectoration and a recent 
Physical 
vealed larger expansion of right hemithorax, 


thoracic vocal fremitus increased on left base. 


fibrinous pleurisy 


diminution of sound and few crepitant rales 
in the left hemithoras 
chial texture, and thickened pleura Follow- 
up study from November 22, 1951, to March 


reinforced vasobron 


| 


lent, 
first 
rous 
odu 

gion 
hing 
sero 

Te- 
base, 
ral 
bron 
sllow- 
March 


] 
st 


2 1953 


Baptista et al.: 


showed improvement of general 


ate, increase in weight and scarring of fistu- 


lar lesions but no alteration of facial cutaneous 


weekly 
December 16 


\ 


with oral BCG 0.2 
from November 25, 1951, to 
1952, a total of 6.4 gm. The 


sions. She was treated 


DISSEMINATED AND FIXED LUPUS ERYTHEMATOSUS SY 


case 17. January 16, 1952. The patient, 
a 21-year-old Brazilian had his first 
>] 


lesions 2 years ago. There were erythematous 


man, 


scaly infiltrated patches with central atrophy 
and peripheral pigmentation in malar regions. 
He complained of a burning sensation in the 


lantoux test was ++ at 106 on November — lesions on exposure to sunlight. Physical ex- 
OISIMINATLOD FIXED 
hit if GLOBUL IN 
ALPHA, 
GLOBULIN 
BETA 
GLOBULIN 
— FIBRINOGEN 
GAMMA 
Hil iy ill GLOBULIN 
Table 4.—Plasma proteins before treatment. 
3, 1951, and ++ at 105 on January 9, amination disclosed nothing noteworthy. Fol- 
1953. The blood showed neutrophils with low-up study from November 26, 1951, to 


toxic granulations and eosinophilia. LE cells 


vere negative. Serum protein A/G ratios were 


} and 2.4 (see Table 3). Liver function 


ests were negative. Streptococcic sensitivity 
) on 48-hour reading. The 


vas positive 


Was normal. 


June 19, 1952, showed atrophic scars 
rounded by circinate pigment bands. He 
treated with oral BCG 0.2 gm. weekly from 
January 29, 1952, to October 16, 1952. The 
blood showed neutrophils with toxic gran- 
ulations the left. No test 


sur- 
was 


and deviation to 


| 
| 
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cells. 


ratios were 1.9 and 2.1 (see 


was made for LE Serum protein A/G 
Table 3). Liver 
Weltmann 


test was normal. No test for streptococci sen- 
sitivity was made. The 


function tests were negative. The 


urine Was normal. 


CASE 18. January 24, 1951. The patient, 
a 38-year-old Brazilian woman, had her first 
lesions 4 years ago. There were erythematous 


infiltrated lesions on face, occipital region, 
body and neck. She had no complaints. Physi- 
cal examination evidence of inter- 
thick- 
Follow-up study from Jan 
March 13, 1953, showed 


complete disappearance of the cutaneous le 


vealed 
lobar pleuritis on the right side and 
ened right hilus 

uary 24, 1952, to 


sions. Treatment was given with oral BCG 
0.2 gm. weekly from March 3, 1952, to July 
13, 1952, a total of 3.8 gm. The Mantoux test 
was negative at 10° on January 25, 1952 

it 108 on September 2, 1952. The 


blood showed lymphocytosis, deviation to the 
left, and 
LE cells 


ratios ranged from 1 


neutrophils with toxic granulations 
were Serum protein A/G 
Table 3 
negative. The Welkt- 
Streptor occic sen- 


negative 
3 to 2.4 (see 
Liver function tests were 
was not done 
not tested. The 


mann test 


Sitivity was 


urine Was normal 


Results. Tables 1, 2, 3, and 4, show 
the results of the electrophoretic analy- 
the first 6 being of 
the disseminated and the other 12 of 
the fixed type of lupus erythematosus. 

Discussion. It may be stated that 
very little had been written about 
plasma proteins in acute disseminated 
lupus erythematosus before 19425, 

In 1932, Reifenstein et al.5 men- 
tioned, for the first time, hyperglobu- 
linemia and hyperproteinemia in this 
and in 1935, Baehr et al.? re- 


ported 2 cases of hypoproteinemic 


ses of our cases 


disease. 


edema. 

However, it was in 1942 that Taus- 
sig!’ first measured protein concentra- 
tion, finding increases in 8 of 9 patients. 

Coburn and Moore’, in 1942, studied 
the plasma prote ins in 15 patients, with 
normal proteinemia and inversion of 
the A/G ratio in most cases. All show- 
ed a fall of albumin and hyperglobulin- 
emia. In 2 cases which were submitted 
to electrophoresis, the hyperglobulin- 


emia could be traced to the gamma 
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globulin. They tried to inte rpret the 
hypergamms iglobulinemia as a cause of 
The same authors observed 
furthermore that the 
from cases of lupus erythematosus re- 


the disease. 
gamma _ globulin 
acts in vitro with the phospholipids of 
Wassermann and Kline antigens, which 
could explain the oscillations of sero- 
tests in certain cases of this dis- 


1,4,6,7,8,10 


logic 
ease. Many later publications 
14.16 confirmed the hypergammaglobu- 
linemia. 
Haserick 
increased alpha, 
addition to hypergammaglobulinemia 
Walker Benditt!® 
an inversion of the A/G 


Borst'! described an 


globulin 


and 
fraction in 
found 


and also 


ratio and a 
fall in beta globulin in fixed lupus 
erythematosus. 

observed 4 cases with hv- 


Sampaio'* 
which 


perglobulinemia, only two of 
had an increased protein concentra- 
tion. 


Gomes’®., in a review of the literature, 


found 77% of hyperglobulinemia in 44 
cases, with normal protein values in 


According to the literature, all cases 
of lupus erythem: itosus are accompan- 
ied by hype rgammaglobulinemia. 

In the present study of 18 cases of 
lupus erythematosus, 6 of which be 
12 to 
; observed as a CcCom- 


longed to the disseminated and 
the fixed type, we 
mon trait a decline of tetas and of 
beta globulin, with increases in alpha, 
globulin and fibrinogen. The decrease 
of albumin and of beta globulin was 
more pronounced in the disseminated 
cases, whereas the increase of alpha, 
globulin and of fibrinogen was equiva- 
lent in both forms. An 
gamma globulins which had been de- 


scribed by other authors was observed 


increase of 


only discretely in 5 of the 6 dissemin- 
ated and 1 of the 12 fixed cases. The 
single disseminated case with an ex- 


ceptional hypergammaglobulinemia was 


Baptista et al.: DISSEMINATED AND FLXED LUPUS ERYTHEMATOSUS 9] 


that of a patient with a lymph-gland- 
ular tuberculosis with positive guinea- 
pig inoculation, exhibiting pro- 
nounced plasmocytosis (10% plasmo- 
cytes), besides an increase in fibrino- 
gen. Hyperproteinemia was observed in 
one of the disseminated and in 4 of the 
fixed cases. No correlation could be 
established between the severity of the 
disease and the gamma globulin levels. 
Alpha, globulin was found increased 
in 4 of the disseminated and 6 of the 
fixed cases. These findings are in agree- 
ment with the data of Haserick and 
Borst?!. 

Special attention should be given to 
the fact that an increase of alpha, glob- 
ulin is far more frequent than a rise in 
the gamma globulin fraction. It should 
further be stressed that fibrinogen was 
found to be increased in all the dis- 
seminated and 11 of the 12 fixed cases. 
This simultaneous increase of alpha, 
globulin and fibrinogen usually 
found in mesenchymopathies, and con- 
stitutes, in our view, a point which 
ought to be considered of greater sig- 
nificance than the hypergammaglobu- 
linemia. Another factor which should 
not be overlooked is the constant de- 


crease of beta globulin in all the dis- 
seminated and the greater part of the 
fixed cases; this decrease of beta globu- 
lin has also been observed by the 
authors in the Nicolas-Favre disease* 
and in leprosy!’. 

Summary. The authors present the 
electrophoretic results of 18 cases of 
lupus erythematosus, 6 of which were 
of the disseminated and 12 of the 
fixed type. They observe a_ gen- 
eral decrease of albumin and of beta 
globulin, which was more pronounced 
in the disseminated cases, and an in- 
crease of alpha, globulin and of fibrin- 
ogen in both forms. They present the 
clinical observations and laboratory 
data of their patients and show the 
clinical evolution of the cases, with 
critical considerations on the interpre- 
tation of the electrophoretic pattern in 
each case, some of which indicated a 
tendency towards normalization of the 
proteinemia with the improvement of 
the patients. They find a hypergamma- 
globulinemia in 5 of the 6 disseminated 
and one of the 12 fixed cases, with 
hyperproteinemia in one of the dis- 
seminated and in 4 of the fixed cases. 
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SUMMARILO IN INTERLINGUA 
Studios Electrophoretic in Disseminate e Fixe Lupus Erythematose 


Le autores presenta le resultatos electrophoretic obtenite in 18 casos de lupus 
erythematose. Sex del casos representava le typo disseminate, 12 esseva del typo 
fixe. Esseva observate un reduction general de albumina e globulina beta, plus 
pronunciate in le casos disseminate, e un augmento de globulina alpha, e 
fibrinogeno. equalmente pronunciate in ambe typos de casos. Le autores presenta 
le observationes clinic e le datos laboratorial que characterisava le morbo de lor 
patientes e monstra le evolution clinic del casos individual. Illes presenta consid- 
erationes critic relative al interpretation del configurationes electrophoretic 
obtenite pro le varie patientes. Esseva notate in certe casos un tendentia verso 
le normalisation del proteinemia, progredente in le curso del melioration del 
stato del patiente. Le autores constatava hypergammaglobulinemia in 5 del 6 
casos disseminate e in un del 12 casos fixe. Hyperproteinemia esseva trovate in 


un del casos disseminate e in 4 del casos fixe 


SUMMARIO IN INTERLINGUA 
See page 38 for original article 
Le Nivello del Aldolase Seral in Acute Infarcimento Myocardial 


1. Trenta-duo canes bastarde esseva subjicite a pericardiotomia. Le branca 
descendente del sinistre arteria coronari esseva ligate in 12 del animales justo 
intra le bifurcation. In contrasto con le alte ligation assi producite in le prime 12 
animales, un basse ligation esseva executate in un secunde gruppo consistente 
de 10 animales. Le remanente tertie gruppo de 10 animales serviva como controlo. 
2. Le nivellos del aldolase seral esseva studiate quotidianmente in omne le 
animales; in duo animales con alte ligation a intervallos de un hora durante 7 
e § horas respectivemente. 

3. Esseva constatate un considerabile e rapide augmento post-operative del 
aldolase seral in omne canes con ligation coronari. Il esseva possibile establir un 
relation semiquantitative inter le area del necrose myocardial e le aldolase seral. 

1. In un studio clinic preliminari il esseva trovate que 8 patientes con acute 
infarcimento myocardial habeva un considerabile augmento del aldolase seral, 
de accordo con le severitate approximative del curso clinic. In 5 patientes con 
insufficientia coronari le aldolase seral remaneva normal. 
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BERNARD'S introduction of 
the principle of the stability of the 
‘milieu interieur” provided impetus for 


CLAUD! 


investigative effort of considerable im- 
portance. This has afforded at least an 
insight into regulatory processes con- 
cerned with preservation ot the molec- 
vlar constancy of extracellular fluid 
ECF). On the other hand, surpris- 
ingly little attention has been directed 
toward another aspect of stability, 
volume constancy of ECF, probably 
because emphasis has been placed on 
the individual cellular unit. Admittedly, 
the amount of fluid surrounding. it 
would seem to be a matter of relative 
indifference, from the cell's viewpoint, 
so long as its composition were optimal. 
From the standpoint of the whole or- 
ganism, and ultimately the cells, how- 
ever, a regulation of ECF volume is 
vitally necessary to guide it between 
the Seylla of dehydration and the 
Charybdis of anasarca. 


In a system such as the body, a 
steady state could be achieved by reg- 
ulating either input or output with re- 
spect to the other. Whereas the sensa- 
tions of thirst and hunger do exert a 
regulating influence over input, two 
simple observations tend to minimize 
their importance with respect to vol- 
ume regulation. First, in the normal in- 
dividual, purposeful distortion of body 
volume by over or underalimentation 
evokes strong corrective renal re- 
sponses. Second, in conditions of vol- 
ume distortion, such generalized 
edema, there is no apparent aberration 
of intake but rather a diminution of 
output. It is for these reasons that, if 
we would seek the answer to regula- 
tion of ECF volume, we must turn to 
the kidney for the final pathway. Its 
efficiency in this regard is implicit in 
the stability of adult body weight, 
despite the quantitatively indiscrimi- 
nate nature of intestinal absorption. 
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The dual 
was well appreciated by Starling 
in 1909 wrote: “In the kidneys we find 
broadly 
the 
amount and composition of the total 


function 
t4 


nature of renal 


who 
function, 


an organ whose 


speaking, is the regulation of 
Huid of the body; a regulation which it 
is able to carry out in consequence of 
its sensitiveness to minute changes in 
composition and amount of blood cir- 
culating through its vessels.” 

The importance of approaching the 
problem of edema from the standpoint 
of volume regulation was forcefully ex- 
pressed by McClean** in 1925 and, 
more recently, by Wolf*? in 1950. Both 
gave precise formulation to the prob- 
lem in terms of “volume distorting” and 
“volume restoring” forces. Obviously, 
a real solution can be achieved only by 
these 
known phy sicochemical or physiologic 


defining forces in terms of 
processes. In spite of a recent revival 
of interest in the matter of volume 
efforts 
succeeded only in destroying certain 
.4,8,.29 It 
Peters", in 


regulation, investigative have 


naive notions! would seem 


that link 
between volume regulation and renal 
the 
and crucial problems of renal physiol- 


describing the 


function as one of most elusive 
ogy, did not overstate the case. 

A grasp of the nature of this problem 
is attained rather simply when we 
attempt to trace the sequence of events 
following ingestion of a quantity of 
water and compare them with those 
following ingestion of an equal quantity 
of a fluid closely approximating ECF in 
composition. In the first instance, the 
moleculai pattern of ECF is distorted: 
an osmoreceptor is thereby affected, 
which, by way of reduced output of 
a hormonal messenger, modifies renal 
tubular activity, brisk 


response ensues. Thus, water is ex- 


and a diuretic 


creted, in a sense, as if it were a for 
eign substance. If, on the other hand, 
we ingest the same volume of water. 
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having previously added to it a number 
of solutes so that its composition be- 
comes more or less identical with ECF, 
we still get a but 


less intense and more prolonged. Since, 


diuretic response, 


here, we have not altered the nature 
fluid, kidney 


receive the information upon which it 


oat body how does the 
bases its appropriate reaction? 

4 change in volume is a capacity 
change and as such cannot conceivably 
activate any mechanism enclosed with 
in it unless it is, by circumstance, 
capable of being converted into an 
intensity change. For example, thermo 
regulatory devices are not activated 
by the heat 


them but rather by the inte nsity of 


amount of surrounding 

heat as manifested by changes in tem 

perature. Pressure is the intensity fac- 

tor that is related to the 

same way that temperature is to heat. 
That pressure or 

some volume compartment is in some 


volume. in 
the stretching of 
wavy involved is suggested by the fact 


that 
sodium chloride solution at a 


continuous ingestion of isotonic 
rate of 
500 ml. per hour will increase urinary 
output slowly but in asymptomatic 
fashion until it nearly equals the rate 
of intake. At this point, a 


toward a_ biologi 


tendency 
steady state is 
achieved. The body weight, which has 
been rising, will now tend to remain 


constant. The sluggish renal response 


to small initial changes in volume 
would appear to be related in some 
wav to the relative “looseness” or 


“laxness” of body tissue, or some com- 
ponents thereof, which needs to be 
overcome before a strong diuretic stim- 
to yield 
initially to a distorting force without 


ulus is evoked. This tendency 


opposition has been described in inani- 
mate systems, where it has been termed 
hysteresis. 

Attempts to locate “baroreceptor” or 
“stretch 
been numerous! 


have 
} and the whole matter 


receptor mechanisms 


it 


om- 
be 
tim- 
ield 
hout 
ani- 
med 


or 
have 
atter 
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has been ably reviewed by Bull’, who 
concludes that none capable of acting 
as volume regulators has as yet been 
found. Even if their existence were 
assumed, the necessity for neural 
or hormonal-transmitting mechanisms 
would arise. The possibility of direct 
neural control is excluded by the fact 
that transplanted kidneys serve ade- 
quately as volume regulators! 2.26. The 
possibility of hormonal transmitters is 
suggested by the well-known sodium- 

aining properties of certain steroids. 
However, as pointed out by Borst?*, 
their effect is accompanied by in- 
creased excretion of potassium. This 
pattern is not seen in the sodium re- 
tention associated with either decreased 
volume or a state of circula, rv inade- 
Although he 
believes it unlikely that such hormones 
control volume regulation, Borst does 
advance a tentative hypothesis that 
heretofore undescribed hormone may 
be elaborated within the kidney itself, 
controlled in some way by the flow of 
blood through this organ. 


quacy by other cause. 


Luetscher and Johnson** reported in- 
creased urinary output of aldosterone 
in patients with edema and suggested 
that the stimulus may be a state of 
circulatory inadequacy. It would ap- 
pear more likely that the increased 
output of this hormone is conditioned 
by the tendency toward hyponatremia 
that exists it | patients with expanding 
ECF volumes, since even the normal 
dietary intake is hypotonic with respect 
to sodium. This was cle arly illustrated 
when the syndrome of primary aldo- 
steronism due to ove rproduction of this 
hormone was shown not to be charac- 
terized by edema'’. If we wish to in- 
dulge in the pasttime of inventing hor- 
mones, or of ascribing to existing hor- 
mones the power to exert regulatory 
function, we must also bear the re- 
sponsibility for suggesting receptor 
nechanisms capable of reacting to ap- 
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propriate stimuli. 

Peters, in 1935*°, suggested that the 
fullness of the blood stream might pro- 
voke the diuretic response on the part 
of the kidneys. This concept has been 
amplified by Borst**, who believed that 
whenever a condition of circulatory in- 
adequacy exists, there is a tendency on 
the part of the kidney to retain fluid. 
The increased blood volume consequent 
to this retention is thought to result 
in increased cardiac output until cir- 
culatory adequacy is restored. During 
states of circulatory excess, such as 
might be encountered by infusion of 
plasma or blood into normal individ- 
uals, or occasionally when tachycardia 
occurs in an otherwise normal heart, 
a diuretic response has been observed. 
These observations and others by 
Borst**, and his penetrating analysis of 
them, constitute one of the most lucid 
expositions on the problem of volume 
regulation. Unfortunately, they do not 
provide us with details of renal partici- 
pation in this process. 

Decades ago, renal physiologists had 
a simple, ready explanation for the di- 
uresis produced by administration of 
isotonic saline’: They reasoned that, 
as a consequence of the dilution of 
plasma proteins, ‘glomerular filtration 
would proceed at a more rapid rate, 
thus vielding enhanced urinary flows. 
This simple explanation appeared to be 
reinforced by Knowlton’s'® demonstra- 
tion that saline diuresis could be inhib- 
ited by adding to the infusion oncoti- 
cally active substances, such as acacia 
or gelatin. 

This view remained essentially un- 
challenged until 1940, when Eggleton, 
Pappenheimer, and Winton'* observed 
that in the anesthetized dog isotonic 
saline diuresis was accompi aniod by 
little change in glomerular filtration 
rate. Furthermore, the diuretic re sponse 
was greater effective 
glomerular filtration pressure was in- 
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creased by a diminution in oncoti 


pressure than when a similar change 
was produced by a rise in arterial pres- 
sure. This was true even though a dis- 
proportionate elevation of rate of fi] 
tration occurred in the latter instance 
Since this time, other evidence has 
been gathered that suggests that renal 
alterations in volume. is 
at a tubular rather 


level. partic ular 


response to 
mediated 
than 
the experiments of Strauss and asso 
and Black and co workers 
this 


lhe first group demonstrated that when 


largely 
glomerulat 


clates are 


altogether 


convincing in regard 
ECF is expanded with hypotonic solu 
tions, the rate of sodium 
increased, cd spite the fact that filtered 
load of The sec 
ond group demonstrated that in salt 


excretion. 1S 
sodium is decreased 


depleted individuals the increase of se 
sodium to normal or supernormal 
although high 
filtered loads of sodium, failed to pro 


ruin 
values resulting in 
duce a significant natriuretic 
In addition to highlighting the role of 


response 


tubular reabsorption as the determi 
nant of the rate of 
these experiments were further instruc 
tive in that they required the kidney 
to defend either the ECF 
or the molecular constancy of this fluid 
rhe although 


probably t compromise, was in favor 


sodium excretion. 


volume. of 


response in each case, 


of volume of ECF, suggesting that 
separate tubular mechanisms exist foi 
volume and molecular regulation. This 


problem has been ably discussed ‘by 
Leaf and Mamby?'. Depending on cir 
cumstances, these may operate in the 
same or opposing directions, the ulti 
mate urinary composition being a re 
fiection of the contribution of each 
Because of the hypotonic nature of 
even the ordinary diet, congestive heart 
failure has been suggested to exemplify 
the two regulatory mechanisms acting 


in opposition”. 
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Much of the conceptual difficulty 
with regard to the problem of volume 
regulation arises from the current be 
lief that tubular reabsorption of the 
bulk of filtered 


active reabsorption of sodium, so that 


fluid is secondary to 
volume regulation must be related to 
the control of an active transport mech 
anism deriving its energy trom meta 
bolic sources. Since volume changes, in 
themselves, do not alterations 
of the that 


directly affect metabolism, the 


Cause 


substrate might, in turn, 


necessity 
arises tor postulating improbable and 
undemonstrable and 


as vet receptor 


transmitter systems, as discussed pre 


viously 

This limited conc pt of the nature of 
tubular reabsorption has its historical 
urinary se 


derivation in the theorv of 


cretion advocated by Cushny!! in his 
monograph published in 1917. It has 
taken its current form largely from 
modifications — proposed by Wesson 
\nslow and Smith whose views 
have been so influential that they de 
serve detailed comment. They divide 


sodium reabsorption into two processes 


one occurring in the proximal tubule 


and another at some distal site. The 
first accounts for approximately 85% of 
sodium reabsorption, whereas the re 


maining 15% is acted upon by the distal 
mechanism, where finer adjustments, in 
accord with the needs of the organism, 
may take place. Proximal reabsorption 


has been shown to be an essentially 


isosmot process and, as such, would 


be a likely locus for volume regulation 
which itself is, by definition, an isos 


their 
views concerning this particular com 


motic process. It is, therefore, 
ponent of sodium ré absorption that are 
the 


conceive ot 


pertinent to discussion 
Here they 


port mechanism as a sort of intracellu 


prese nt 
an active trans- 


lar pump for sodium and possibly other 
ions, water following passively along 
the resulting concentration gradients, 
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to effect osmotic equilibration. In effect, 
this would mean that sodium reabsorp- 
tion within the proximal tubule is to 
a large extent operationally indepen- 
dent of water reabsorption. 

The experimental evidence on which 
they base their views is derived largely 
from studies of mannitol-induced diu- 
Assuming that maximal 
distal tubular reabsorption would not 
exceed 15% of the filtered sodium load, 
they reasoned that if high enough 
attained the 
composition of urine would approach 


resis in dogs. 


urinary flows could be 


that of the fluid leaving the proximal 
tubule. They succeeded in inducing 
rates of urinary flow that constituted 
as much as 65% of filtered fluid. Analy- 
sis of these urines revealed that only 
13 to 27% of the filtered sodium was ex- 
creted. Since urinary composition was 
considered a good approximation of the 
fluid leaving the proximal tubule, they 
concluded that the osmotic binding of 
water by mannitol had prevented its 
osmotic equilibration while the active 
transport of sodium continued, but et 
i moderately reduced rate. This would 
represent apparent independence of 
solute and water reabsorption. 
The entire argument rests on their 
issumption that under the conditions 
t their experiment the distal contri- 
Hution to sodium reabsorption Was not 
irgely in excess of 15%. Homer Smith*" 
as marshaled suggestive evidence that 
n the normal course of events 85% of 
ater is reabsorbed passively in the 
proximal system and a variable amount 
p to 15% in the distal system. With 
‘gard to sodium, Walker and _ co- 
orkers*? concluded from micropunc- 
ture studies that 80% of filtered sodium 
is reabsorbed in the proximal tubule. 
nder such conditions, the excretion of 
sentially sodium-free urine would 
mnify that 20% of sodium had been 
ibsorbed distally. The ceiling for dis- 
til reabsorption of sodium is here an 
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artificial one imposed by load limita- 
tions. The experimental 
Wesson and associates was such, how- 


design of 


ever, that abnormally large loads were 
heing delivered to the distal segment 
at a time when it must have been max- 
imally stimulated by the low serum 
sodium ( approximately L10 
mEq./L.) existing at the height of the 
diuresis. Under such conditions the re- 
absorptive capacity of the distal sys- 
tem for sodium probably consider: bly 
exceeds 157 or 20%. 


values 


Are there other means by which the 
migration of proximal tubular fluid into 
peritubular capillaries might be ef- 
fected? Podhradszky = showed in 1939 
that tubular reabsorption is enhanced 
by elevating the colloid osmotic pres- 
sure of plasma. He found that the 
sharp reduction of the magnitude of 
diuresis infusion of 
Kinger’s solution, when acacia is added, 
is not accompanied by a fall in filtra- 
tion rate. Knowlton'’, in 1911, also 
demonstrated an action of colloids at a 
tubular level, although he did not so 
interpret his experiments. This was im- 
plicit in his observations that a saline 
diuresis could be sharply delimited by 
incorporating gelatin or acacia in the 
infusion, whereas a sodium sulphate di- 
uresis remained singularly unaffected 
by the addition of colloids. More re- 
cently, Petersdorf and Welt®! have 
shown that although an enhanced ur- 
inary output of sodium follows infu- 
sions of isoncotic plasma, no change, 
or an actual antinatriuretic effect, fol- 
lows similar plasma expansions with 
hyperoncotic solutions. The difficulties 
in attempting to explain how a rise in 
the oncotic pressure of plasma could 
affect an active sodium transport mech- 
anism are well illustrated by the at- 
tempts of these authors to formulate a 
reasonable hypothesis. 

An interesting explanation of this 
phenomenon was advanced in 1947 by 


induced by 
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Podhradszky"*, 
soned along the same lines as Carl Lud- 


Greiner and who rea- 


wig** a century earlier. This physiolo- 
gist proposed what Cushny has termed 
the “mechanistic theory of urine forma- 
tion.’ The following description of this 
theory is actually an abstract of a later 
modification in Ludwig’s Lehrbuch der 
Physiologie des Menschen in 1861": 
Ludwig conceived of filtration and 
reabsorption taking place in the kid- 
ney in much the same way as proposed 
by Starling for capillary beds in the 
at large. The microstructural ar- 
rangement of 


body 
the kidney was, in his 
view, designed for the purpose of divid- 
ing the filtering and reabsorbing capil- 
lary beds anatomically so that a mem- 
brane barrier in the form of tubular 
could be interposed between 
glomerular filtrate and peritubular cap- 


cells 


illary plasma. This tubular wall was 
conceived of as membrane whose per- 
meability characteristics differed from 
those of the glomerular membrane. An 
ultrafiltrate of plasma was said to be 
the 


quence of the fact that the pressure 


formed at glomerulus. in conse- 
within it, derived from heart’s energy, 
exceeded the fluid-attracting force of 
blood Most of this 


its course down the tubule was thought 


colloids. fluid in 
to be reabsorbed into the peritubular 
capillaries in response to the drawing 
force of colloid osmotic pressure, the 
remainder being excreted as urine. Al- 
terations in the composition of urine 
as compared with plasma were explain- 
ed on the basis of presumably different 
the 
tubular membrane as compared to the 


permeability characteristics for 


glomerular membrane. Obviously, an 
over-all reabsorptive process of this 
nature could not account for the for- 
mation of a urine either hypo- or hyper- 
osmolar with respect to plasma. For 
this 


minded 


the mechanistically 
felt obliged to 


reason, even 


Cushny 11 
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abandon the tubular portion of Lud- 
wigs theory. 

One wonders if certain facts brought 
to light since Cushny’s time would have 
led him to strike less of a compromise 
with the vitalists and, perhaps, to come 
to the conclusion that a large portion 
of tubular reabsorption is a_ passive 
consequence of existing oncotic forces 
The first of these is the rather formid 
able fact that in man approximately) 


180 liters of fluid are filtered daily, 
179 of which are reabsorbed. The sec 
ond is the demonstration by Walke1 


that about SO% of this 
isosmotically. The third 


and co-workers"? 
is reabsorbed 
is the porous nature of tubular cells, 
which has been revealed by electron 
microscopy. 
The fact that 


transfer substances 


tubular cells actively 


into and out of 
the tubular lumen has been proved 
beyond cavil and, in fact, is implicit 
in the formation of hypo- or hyper 
osmolar urines. Without such regula 
tory mechanisms, molecular constancy 
could not be preserved in face of the 
intake. 


their existence does not preclude their 


variability of dietary Howeve1 
superimposition on another, perhaps 
more primitive, method of tubular re 
absorption. It seems feasible to postu 
late that volume regulation might be 
subserved by a_ passive reabsorptiv: 
process. Such a process would neces 
sarily have to be flexible in nature, s¢ 
that at different times the glomerula 
hitrate would be reabsorbed to a great 
In order that thes: 
might be 


er or lesser extent 
requirements satisfied, in 
the 


these reabsorptive changes would hav 


framework of Ludwig's theory 


to be accompanied by corresponding 
changes in the oncotic pressure of fluid 
the capillar 


plexus. In particular, two sets of cor 


entering peritubular 
ditions would have to be satisfied: fir: 
those states in which the kidney is ac 
ing to conserve volume would hav 
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to be accompanied by an increase in 
the oncotic pressure of fluid entering 
the peritubular capillaries; second, 
those states in which the kidney is 
acting to reduce volume would have 
to be 
the oncotic activity of the plasma flow- 
ing into the peritubular plexus. The 
diuresis induced by administration of 
hingers solution fulfills the second re- 
quirement, and the antidiuresis follow- 
ing the rapid administration of con- 


characterized by a decrease in 


centrated serum albumin into normal 
fulfills the first. 


In the edema accumulatory stage of 


individuals” 


congestive heart failure, however, con- 
centration of plasma protein in the 
body at large remains unchanged or 
may even be somewhat decreased. Also, 
infusion of isoncotic plasma results in 
diuresis. These phenomena require the 
presence in the kidney of a mechanism 
capable of altering the concentration 
proteins in plasma leaving the 
Within the © structural 
nake-up of the kidney, there exists 
means by 


clomerulus 


which this end can be 
chieved. The kidney is unique among 


the organs of the body in possessing 


two arteriolar resistances placed in 
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series. These contain between them the 
glomerular bed, in which the hydro- 
static pressure can be kept at a high 
level and at the same time be made 
to vary, within limits, in face of a con- 
stant arterial pressure. If the efferent 
arteriole constricts, the rate of plasma 
flow will be slowed, and at the same 
time intraglomerular pressure will be 
increased. Consequently, more fluid 
will be filtered from each unit of 
plasma flowing through the glomerulus 
so that the remainder, which leaves to 
enter the peritubular capillary plexus, 
will be more concentrated. A dilatation 
of the efferent arteriole, by causing a 
reduction of intraglomerular pressure 
and allowing an increased rate of 
plasma flow, would have the opposite 
effect.° 

Measurements of this sort can be 
made in terms of clearance data, in 
which the degree to which a unit of 
plasma flowing through the glomerulus 
is reduced in volume is expressed by 
the filtration fraction. This, in turn, is 
defined as the ratio between the rate 
of glomerular filtration and the rate 
of renal plasma flow. Inasmuch as this 
represents an average of the filtration 


These relationships may be expressed mathematically, in terms of glomerular filtration rate 


) — Pp 1 } 


1 renal plasma flow, as follows: 


protein ¢ 


protein 


oncentration of fluid leaving the efferent arteriole. 
concentration of the fluid entering the afferent arteriole 


GFR 
filtration fraction 
RPE 
GFR rate of glomeruar filtration 
RPE rate of plasma flow through the nephrons 


ixample calculations for a plasma protein value of 6.0 gm. per 100 ml. at two different 


ition fractions is given below: 


1 
at an ot 0.9. e 


] 
at an FF of 0.4, P, 6o(5) - 
1 — 0.4 


5 gm. per 100 ml. 


10.0 gm. per 100 ml 
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fractions of all 
blood. it 


poses 01 ly if the deviations from the 


nephrons receiving 


would be valid for ou pul 
mean in individual nephrons were not 
EXCESSIVE 


This requirement is prob 
ably not 


fulfilled 


shock or when renal disease is present. 


under conditions of 


For this reason, we will confine our 


selves to examination of clearance data 
obtained in normal 


lies in 


individuals or to 
which an effort 


exclude patients with renal 


those Was 
made to 
this theory, the follow 


fulfilled: First 


f circulatory excess, in 


clisease 

ing conditions must be 


conditions 


which volume is being contracted by 
increased urinary excretion of salt and 
filtration fraction should be 


Second 11) 


water, the 


conditions of circula 


tory inadequacy, wherein volume tends 
to become expanded bv decreased um 


inary output of water and salt, the fil 


tration fraction should be high 

Wilson ind 
cftects of 
of plasma _ to 


mal 


observed the 
idministering about one liter 
each ot S 


There was without ex 


Harrison’ 


convalescent 
patie nts 
ception a fall in filtration fraction from 
of 0.28 before infu 
0.20 after 


adh average value 


sion to an average value of 
intusion. Save tor one exception, there 


WaS 


oncomitant sharp increase in 
Since 


Was used aS a 


urinary outflow. exogenous cre 


itinine clearance meas 


ure of filtration rate, the absolute values 
of filtration 
high but the 


main valid 


fractions are erroneously 
directional changes re 
Using inulin clearance as 
aSure 


a om of glomerular filtration rate 


Wide deviations of filtration fractions from the 


by an abnormally low rate of glomerular filtration 
intraglomerula pressure ictual reduction of 
Under these conditions, a low 

ot the hi } rates predicted by theory If a sufficient 
the over-all average for filtration fraction could 
that the re lalning intact 

state \+ itt irs 


high filtration fraction but reported clearance 
or low A somewhat similar situation 
filtration fractions have been reported?” 
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and correcting renal plasma flows with 
PAH 


( argill® reported a 


observed extraction fractions, 
fall in filtration 
fraction in each of 3 normal individuals 
following expansion of plasma volumes. 
This 


75 gm. of 


was achieved by administering 


serum albumin in the form 


of a 25% solution. Since in this instance, 
as theory would predict, the fall in 
filtration fraction was nullified by a 
concomitant rise in serum oncotic pres 
sure, no significant change in urinary 
Was observed 
filtration 


tained by Bradley and co-workers 


flow Similar results with 


regard to fraction were ob 
with 
infusion of 50 em. of serum albu 
this the 


slow rate of administration, the plasma 


slow 


min. In instance. because of 


protein level was probably not signifi 


cantly elevated, and increased urinary 
On the other hand, 
Bloom 
dextran as a plasma expander, observed 
of filtration frac 
tion. The applicability of these latter 


results to the present problem is be 


1| ws were observed 


Fleming, Cargill and using 


no significant change 


ciouded because of possible differences 
in the permeability of the glomerula 
membrane towards dextran and plasma 
protein. 

Congestive heart failure is an ideal 


example of a condition wherein circu 


latory inadequacy may exist with a 
tendency to volume expansion. The 
studies ot Helles and Jacobson'® are 


this 
They pe rformed clearance studies o1 


particularly instructive in regard 


patients with valvular heart disease se 


lected to avoid complicating renal dis 


mean value on the low side may be cause 


This could result from an abnormally lov 
surtace ir t as occurs 1n diseas 
flow 


irinary rates inste 


number of such nephrons were presel! 


in spite of the fa 


be normal or even low 


nephrons might possess high filtration fractions. This may be tl 
in the edema accumulating stage of nephrosis, in which theory would predi 
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shock In 


whic h 


— 


ith 
ith 
bu 
the 
ma 
ary 
ind 
sing 
ved 
rac 
itter 
be 
ula 


ideal 

ircu 

th 
The 


are 
| 


garda 


Cause 
lly ke 
liseas 
inste 
yresel 
he ta 
be t 
pre di 
norm 


1¢ h ke 


results 


litzhugh and associates! 


Progress of Medical Science: 


ease. These patients were divided into 
three groups: Group consisted of 
patients with rheumatic valvular heart 
disease but without previous or present 
evidence of congestive heart failure. 
the filtration fraction in these patients 
iweraged 0.23. Group B consisted of 
patients with congestive heart failure 
t the time of admission to the hospital 
but who were clinically compensated 
t the time of the study. The average 
filtration fraction this group Was 
G.28S Group ( 


tients in whom signs of cardiac decom- 


was composed of pa 


pensation were present at the time of 
the determinations of renal hemody- 
namics. Their mean filtration fraction 
was O.41. In a 
ubjects, the 


vas 0.17. In individual patients studied 


‘ries of normal control 
mean filtration fraction 


erially while they were 
nd later when they becaniw caema 
free, a fall in filtration fraction was con 
stently observed. Whereas. the 
hole, other clearance studies on con 
estive heart failure agree closely with 
occasional discrep- 
ncies have been reported in which the 
eight of the filtration traction did not 
Hect the severity of the clinical pic- 
ire ol failure way have been 
ie to the presence of renal disease 
congestive heart failure of such se 
rity that a circulatory” state akin 
shock existed 
Thompson and Pitts* report tubular 
ibsorption of sodium to be increased 
lowing inflation of a balloon in the 
rta of dogs proximal to the origin 
the renal arteries. Calculation of fil- 
tion tractions from their re- 
us that in many instances this was 
accompanied by an increase in FF. 
‘on the other 
id, found the decreased urinary out- 
of sodium and water induced by 
pping of blood in the lower extrem- 


by tourniquets to be consistently 
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associated with increased filtration 
tractions. 

These collective data, although not 
conclusive, support the fact that cir- 
culatory inadequacy is accompanied by 
high filtration fractions and circulatory 
excess by low filtration fractions, there- 
by fulfilling the criteria necessary tor 
volume regulation based on passive 
reabsorption of tubular fluid in re- 
sponse to oncotic forces existing in the 
peritubular capillaries. 

This would by no means preclude 
the simultaneous operation of active 
transport mechanisms such as have 
been demonstrated for reabsorption of 
glucose in the proximal tubule. Further- 
more, if frictional losses were neglected, 
the energy conferred on plasma leaving 
the glomerulus, in the form. of in- 
creased colloid osmotic pressure, would 
be, theoretically, capable of causing re- 
absorption of all the filtrate. There- 
fore, certain factors, such as time, sur- 
face area, and the presence ot sub- 
stances to which the glomerular mem- 
brane is freely permeable but to which 
the tubular membrane is relatively im- 
permeable, presumably militate against 
complete oncotic equilibration. The de- 
gree to which this proceeds is related 
to the intensity of the oncotic forces 
involved. 

Plasma volume is, then, conceived 
to occupy an intermediate position 
with respect to the interstitial fluid on 
one hand and the kidney on the other. 
Its volume is maintained by balances 
achieved between the rates of filtra- 
tion and reabsorption governed by 
hydrostatic and oncotic forces, as de- 
scribed tor the capillary interface at 
large by Starling and for the kidney 
by Ludwig. In terms of a crude anal- 
ogy, the kidney functions as an over- 
How valve in this system. 

If, indeed, it is true that volume 
regulation is achieved in such a me- 
chanical way, the question might be 
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102. The American Journal of the 
properly raised as to why the kidney 
would use such a circuitous route re- 


quiring the filtration and reabsorption 


of large quantities of fluid, since the 
same result could be achieved more 
economically at a glomerular level. 


However, one important advantage is 


evained. If, due to blood loss, the need 


to conserve fluid arises, a shutdown 
at the glomerular level would result in 
failure to excrete such filtered meta- 


bolic end products as creatinine and 
On the other the 
extravagant process would permit. ex- 


urea hand, more 
cretion of these products because of 
their limited diffusability through the 
tubular membrane, while the necessary 
water and salts could be reabsorbed 
The ability of the kidney to alter 
efferent arteriolar resistance in a man- 
ner to permit attainment of appropriate 
intraglomerular pressures remains un 
explained. This apparently autonomous 
ability ably discussed by 
Smith** and Winton*’. That this mech 
anism does nut respond to cardiac out 
put can be deduced from the fact that 
a tendency toward volume expansion 
both 


low and high rates of blood flow. Borst! 


has be en 


exists in states characterized by 
has introduced the terms “inadequate 


circulation and “excessive circula- 


tion to express, respectively, blood 


flows insufficient and excessive with 
relation to the needs of the organism. 
He conceived of these as the ultimate 
stimulus. Peters*’ gave more precise 
expression to this when he ascribed the 
diuretic response to the fullness of the 
The blood 

the tree is 
dynamic balance 
tween inflow and outflow. When this 


balance is upset in a direction to in- 


arterial stream. volume of 


contained within arterial 


governed by a be- 


crease the volume contained within the 
arterial tree, filtration fraction probably 
falls and a diuresis occurs. When, on 
the other imbalance results 
in a fall in volume of blood within the 


hand, an 
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arterial segment, filtration fraction rises 
and an oliguric response is seen 

In summary, it may be said that the 
final composition and amount of urine 
reflect 
plex operations subserving a number 


the contribution of many com- 
of different needs, one of which is vol 
ume regulation. The participation of 
the kidney in the 
constant ECF 


viewed as follows 


preservation of a 


volume has been re 

The unique nature of volume regu- 
lation has been defined, and evidence 
has been cited to suggest that the renal 


mechanisms concerned with its control 


are separate from, and may act inde 
pendently of, those concerned with 
the regulation of molecular pattern of 
ECF. The current trend is to think 


of renal volume regulating mechanisms 
in terms of active transport systems fon 
the predominant 
Some of the 


any attempt to define or locate proper 


extracellular ions 


difficulties associated with 
transmitter mechanisms 


recepto! and 


necessary for the control of active 


transport systems have been presented 
Lack of 


active sodium transport mechanism lo 


convincing evidence tor an 
cated in the proximal segment of the 
tubule has been discussed. 

An alternative view has been advo 
that related 


with hemodynamic and physical alte 


cated volume regulation 
ations of renal function. Evidence has 
that the 


common pathw iV In this process IS Te 


been cited suggesting fina 
lated to the oncotic pressure of plasm: 
the 


This oncotic pressure has, in turn, beer 


entering peritubular capillaries 
shown to be related to filtration frac 
tion, which becomes smaller or large 
depending on the adequacy of the cit 
culation in the body as a whole. | 
permeability characteristics for the wa 
of the proximal segment of the tubul 
are assumed to permit free diffusion of 
water and the principal electrolytes o! 
elomerular filtrate, the isosmotic com- 
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ponent of tubular reabsorption would 
be regulated by the intensity of the 
oncotic forces exerted by the peritubu- 
lar plasma proteins. Variations in re- 
absorption of tubular fluid brought 
about in this manner could constitute 
a mechanism for volume regulation. In 
order to define this servomechanism 
completely, the link between circula- 
tory changes in the body at large and 
alterations in the kid- 
ney must be explained. This problem 
of autoregulation has as yet defied an- 


hemodynamic 


alysis 

For those who may feel that bias 
has been displayed in favor of a some- 
what mechanical interpretation of vol- 
ume regulation, it may be pertinent to 
recall the situation existing in renal 
physiology at the turn of the century. 
\t this time the Bowman-Heidenhain 
school advocated the 
that the 
in an active secretion by the glomerulus 


vitalistic view 
formation of urine consisted 


{a fluid to which urinary solutes were 
added by active tubular secretion. The 
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comment on this theory by Cushny", 
who advocated a more mechanical in- 
terpretation is of interest and may per- 
haps be invoked in defense of the posi- 
tion taken here: 

“It has the that no pos- 
sible conjunction of conditions can be 
imagined which cannot be attributed 
to some special activity of unspecified 
cells, whose activity is governed by no 
known laws and whose anatomical po- 
sition in the organ can be arranged to 
suit the circumstances. But such a 
nebulous sta of the renal func- 
tion, while it offers a facile explanation 
of all observations, in reality explains 
nothing. 


tement 


As a defensive position it is 
impregnable, but it offers no point from 
which advance may be made. It may 
be necessary to retreat to it as a base 
if more adventurous theories are over- 
thrown, but it would merely be a tem- 
porary position to be occupied until a 
more successful effort could be made 
to coordinate our knowledge of the ac- 
tivity of the kidney.” 
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SUMMARIO IN INTERLINGUA 
See page 76 for original article 
Apparentia de Defecto Renal in Individuos Drepanocytemic 


|. Studios de function renal esseva executate in 16 patientes con anemia 
cellulas faleiforme, 33 con tracto de cellulas falciforme, 2 con tracto combinat 
de cellulas falciforme e thalassemia, e 1 con tracto combinate de cellulas falci 
torme e hemoglobina ( 

2. In omne gruppos le valores median del tests clinic de function ren il esse 
ben intra le limites normal. 

Le plus frappante constatation esseva le restringite {pare itate de excerne) 
urina concentrate post abstention ab fluidos durante 1S horas 

1. Iste defecto esseva plus pronunciate in individuos con anemia a cellula 
falciforme que in individuos con tracto de cellulas falcitorme. In le prime dk 
iste duo gruppos le maximo median del pression osmotic del urina esseva 4° 
mOsm per litro. In le secunde gruppo le correspondente valor esseva 604 mOsn 

>. Es presentate rationes pro considerar le lesion como renal, de natu 


physiologic o metabolic, e hereditabile como parte del stato drepanocytemic. 
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TENSION HEADACHE: 


By FRANK R 
headache is undoubtedly 
the most common variety of headache 
s well as the commonest complaint of 
atients in the office practice of gen- 
ral medicine. It occurs in relation to 
onstant or periodic emotional conflict 
vhich may he conscious Or =uncon- 
cious" Fension headaches have 
0 prodromata, are usually bilateral, 
ccipital, or frontal, and may be accom- 
inied by 


anxiety (free-floating or 


matized) and such symptoms as 
iusea and vomiting, dizziness, weak- 
ss, irritability, and 
The frequency and 
variable, but an attack 
iv last for weeks*S°". The discomfort 
has been described by various authors 
“constant, and boring, unlike the 
robbing quality of the migraine head- 


he “bizarre. 


irahlon are 


rarely interfering 
th slee p, a tight feeling as of a band 
und the head”!®, “vague and dull, 
a sensation of pressure in the 

head” ®%4%. “a dull aching tenseness in 
neck’**: “head caught in a vise, or 
lp on too tight, or top of my head 
wing off*°: “tends to be worse to- 
ward evening when the patient is nerv- 
or tired”®*; “the pain begins in the 
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occipital zone, extends into the fore- 
head and may center there or in the 
vertex”™: and “poorly defined, with a 
complete lack of any features character- 
izing them as another type of head- 
ache™'". The patient tends to have a 
worried and unhappy facial expression 
but otherwise may present the picture 
of robust health. 

Other Common Headaches. |. Ccon- 
VERSION (HYSTERICAL) HEADACHES. These 
headaches are often. almost  indistin- 
guishable clinically from tension head- 
aches. The main distinction is that in 
conversion headache the symptoms rep- 
resent a specific unconscious symbolic 
meaning and the conversion mecha- 
nisms are prevalent. The typical “la belle 
indifference” of hysteria may or may 
not be apparent. Appropriate psycho- 
legical tests may shed much light on 
the matter. Wolff*> states that these 
patients “use the word pain to describe 
sensations resulting from the effects 
of non-noxious stimulation because past 
conditioning experiences have modified 
their interpretation of any head sensa- 
tion. As a result, non-painful sensations 
from the head have assumed special 
significance for such individuals, mak- 
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ing them, in view of their preoccupa 
tions and misevaluation of head sen 


sations, untrustworthy witnesses — of 


head pain. Distortions of judgment in 
such persons may be shown in the mis- 
evaluation not only of the pain thresh- 
old but also of the intensity of head 
pain. Furthermore, these persons may 
show defects in other sensory discrim 
ination, should these happen to involve 
symbols significant to the given indi- 
vidual 

2. MIGRAINE HEADACHES. The follow- 
ing comparison of the characteristics of 
LOOO cases of migraine and a similar 
numbet ot Cases ot tension headache IS 
worthy of quotation 


Pe cent 

\Viigraine Tension 
Family history of headache 65 10) 
less than 20 years 55 +) 
Age of over 20 years 15 70 
Prod 60 10 
onstant or daily 3 50 
Frequen less than 1/week 60 L5 
onstant or daily 0 20 
l to 3 days 5 LO 
rype, throbbing SO 0) 
unilateral 0) 10 
Locati bilateral 90) 90) 
Associated symptoms, vomiting 50 10 


Migraine and tension headaches did 
not differ significantly in respect to the 
following: incidence, sex, precipitating 
causes, occurrence (time of day or sea- 
son), mood change, onset, and termi- 
nation (abrupt or gradual ).” 
3, HISTAMINIC CEPHALAGIA. This syn- 
drome was first described by Horton**: 
5.65. It is a unilateral vascular headache 
which later 


decades of life. It begins and ends sud- 


usually begins in the 
denly and generally lasts less than an 
hour. “It tends to awaken the patient 
at night one or two hours after he has 
gone to sleep, and the severity of the 
pain makes the patient get out of bed 
and pace the floor. At its height the 
pain is associated with watering and 
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congestion of the eve, rhinorrhea o1 
stuffiness of the nostril, sweating, and 
often, visible dilation of the temporal 
vessels of the involved side of the head. 
Constant, excruciating, burning, and 
boring pain is the outstanding com- 
plaint. It involves the orbital area and 
the temple and may extend to the up 
per jaw, occipital region, neck, and 
shoulder. Severe and frequent attacks 
of pain may occur as often as 20 times 
or more a week. The attacks are usually 
not accompanied by gastrointestinal 
symptoms or visual disturbances. About 
YO of the patients are 


vears of age. 


men over 40 
Approximately 10% of pa 
tients have observed that alcohol will 
precipitate attacks In regard to this 
tvpe of headache, another viewpoint 
should be presente d: “We be lieve that 
this svndrome exists. Many neurologists 


doubt its existence, believing it to be 


| 


due to such as 


Their 


arguments are well taken, and the basis 


some organic factor 


aneurvsm of cerebral vessels. 
of such a condition is not firmly estab- 
Physiology. In tension headaches a 
muscular or vascular mechanism may 
act independently or concomitantly. The 
tense, apprehensive, or anxious patient 
seems to be constantly poised to go 
into action’’. The persistent tensior 
causes a sustained contraction of the 
skeletal THitis¢ les ol the head and neck 
with Associated witl 


resulting pain. 


these muscular spasms may be ische 
mia, which could be a contributory o1 
primary factor in the production oO! 
pain. One theory is that excessive con 
centration of potassium in muscle, du 
to ischemia or sustained contractio1 
stimulates the chemoreceptors in_ th 
tissues. There also may be a cent 

spread of the excitatory effect of no 

ious stimulation of the soft tissues ot 
the neck. This spread of pain wou 
then be carried by the upper cervical 
nerves and produce painful sensations 
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1 and face**. There are 
that head- 
ache is at least partially due to painful 
vasodilatation 


foreheac 
who 


in the 


some believe tension 


which follows an early 
vasoconstriction’ 
In most cases 
precipitating 
‘largely unconscious. 
aware of 
Environmental 
intellectual, physical, 
nature beyond the 
patient's personality 
also produce headache. E motional 
conflicts with im- 
pulses toward loved ones or associates 


Psychological Causes. 
of tension headache the 
hic factors are 
However, many patients are 
the associated anxiety. 
demands ot an 
social economic 

apacity of the 
may 
concerned hostile 
are usually present. Many patients de- 
velop the he they reach 
the limit of their capacity to tolerate 


sadache when 
their re presse ‘dor suppre sse d anger and 
resentment. Unconscious or 
ruilt accompanies 


the hostile impulses. Other factors which 


conscious 
practically always 
may play a role in the head pain are 
dentification with a family figure who 


nav also have headaches, the wish to 


remain in a position of dependency, 
nd a desire to gain attention. 
Headaches. Tension 
eadache often appears in combination 
with migraine | when the 


pro- 


Combined 


veadaches 


migrainous individual is under 
associated with a fatigue 


is called “Mi- 
variety 


nged stress 
tate. Such a 


craine-tension” 


headache 
headache, a 
between the extremes of 


which lies 


typical migraine and_ typical tension 
Many patients with 


if not adequately treated for 


8,47,64,68— 


} adache- 
graine, 
vs. will develop. sustained muscle 


tension in the head and neck with ad- 


ditional headache. Any one patient 
may, at different times, develop either 
tyne of headache, each of different 


severity and duration and each requir- 
different 


physicans 
] 


Some 


break- 


believe that a true 


( 


vn of most cases of migraine would 
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be found to consist of a combination 
of migraine and tension" 

Treatment of Tension Headaches. 
PSYCHOTHERAPY. The most important 
single factor in the psychotherapeutic 
process is the emotional relationship be- 
tween the patient and the physician. 
When the patient feels that the physi- 
cian is sincere ‘ly interested and sympa- 
thetic, he will then permit the tactful 
exploration of those factors in his life 
situation which have led to ileeeaane 
hostility, guilt, and the like. The aera- 
tion and ventilation of wholly or partly 
unconscious emotional conflicts are im- 
portant. The physician must learn to 
listen patiently. Simple explanation of 
the effect of the emotions on bodily 
functions may be helpful. Reassurance, 
suggestion and re-education are other 
techniques which may help the patient 
to gain the necessary security 
adjustment to life. Such treatment. is 
well within the province of the inter- 
ested practitioner'*“*. Some- 
times tension headaches seem to be re- 
lieved for variable periods of time by 
nothing more than the establishment of 
excellent rapport with the patient, the 


70 


and 


general 


so-called “transference 

2. ENVIRONMENTAL MANIPULATION. 
This procedure consists in helping the 
patient to so alter stressful situations in 
his work, recreation, family or social 
life that he will not exceed his emo- 
tional capacity. A sustained hobby may 
be beneficial in relief from 
the stresses of daily living®*-**, 

3. PHARMACOTHERAPY. The efficiency 
of medication does not de spend entire ‘ly 
on its pharmacologic action. The im- 
portance of dosage, timing, and mode 
of administration cannot be over- 
stressed. It also depends upon the 
authoritative effect of the ge 
prescribing the medication as well < 
the length and frequency of concurre at 
interviews with the pi atient?”, Strong 
suggestion from a respected physician 


securing 


The 


as to the therapeutic benefits to be 


expected trom any particular drug is 
notoriously effective in the therapy ot 
tension headaches. The following drugs 
are valuable adjuncts to the psycho 
therapeutic treatment of tension head 
aches: 

a) Acetylsalicylic acid or Bufferin, 
(5 to 10 gr 
and repeated if necessary in 


in doses of 0.3 to 0.6 gm. 
one or 
two hours will often give symptomatic 
relief and make psychotherapy easier" 
It should be kept in mind that hyper 


sensitivity acid is not 


to acetylsalicvlic 
and that 
is probably that of allergy. “This suppo 
sition is indicated by the capacity 
of acetylsalicvlic acid to attach itself to 


proteins and thus become antigenic, as 


uncommon, the mechanism 


demonstrated by the experimental pro 
duction of anaphylactic shock and pos 
itive skin reactions. Moreover, the svs 
temic clinical expression of hypersensi 
tivity is bronchial asthma, which is us 
ually identified with this mechanism. 
Walton and Bottomley found acetvlsa! 
icvlic acid sensitivity in 2.6% of 830 suc 
cessive hospital 

b) Fiorinal (Sandoz) is one of the 
best sedative-analgesic preparations for 
the 


headac he 


treatment of 


19.76) Each 


tension 
tablet 


te mporary 


sists of 0.05 gm. (3/4 gr.) of isobutvlal 
lvibarbituric acid, 0.13 em. (2. er. 
acetophenetidin, 0.2 gm. (3 gr.) of 


acetylsalicylic acid, and 0.04 gm. (2/3 
er.) of caffeine. When taken in 


age ol 


a dos- 
two tablets every 
tends to 


one ol tour 


hours, Fiorinal prevent a 
mounting build-up of nervous tension, 
and, in seems to relax the 
musculature about the head and neck. 
Easing of the head discomfort is gen- 
erally accomplished without any un- 
pleasant side effects such 


upset? 


addition. 


as gastric 
Since Fiorinal has a_barbitu- 
rate component it is contraindicated 
for prolonged use in uncomplicated 


tension 


headaches and should be re- 
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stricted, in general, to the following: 
The early stages of psychotherapy, be 
fore the psychotherapeutic process and 
environmental manipulation have had 
an opportunity to help reduce the ten 
sion: those cases of tension headach« 
which occur infrequently and only un 
der unusual and temporary stress in 
stable 


sion headache which occur in patients 


individuals: those cases of ten 
who are resistant to psychotherapy o1 
whose environment cannot successfully 
be manipulated, or both 

( Viltown (Wallace 
Wveth ), meprobamate 


propyl-l, 


and Equanil 
2-methyl-2-n 
propane diol dicarbamate 

These identical tr inquilizers® are 
often effective in the treatment of mild 
and moderate tension headaches 
administered to 
one tablet 


four 


Kither drug be 
adults in an initial dose of 
100 


daily 


mg.) orally three o1 times 


When a 
in symptomatology has occurred, the 
is reduced to one-half of a tab- 
let three or four times daily 
effects been reported from 
the use of Miltown or Equanil. An o¢ 


casional patient will complain of drows 


satisfactory diminution 
dosag 
No SeCTIOUS 


side have 


ness, which, however, usually disap 
pears on reduction of the dosage. They 


and 


are apparently non-habit forming 
without known contraindications. 

d) Valoctin (Bilhuber-Knoll), g1 
tablets, each containing 1 gr 
of “Octin” 


and 4 er. 


60 mg. 
methyvlisooctenvlamine 
(250 mg.) of the non-barbitu 
rate sedative “Bromural” (monobromi 
sovalerylcarbamide ). It is administere 
orally, in a dosage of one or two tab 
lets at the onset of the headache, and 
is often: effective in ordinary tensio 
headaches as well as those with a small 
throbbing (vasculai 
tablet may prescribed 


after 4 hours if necessary. The “Octi 


component. On 
additional 


in Valoctin causes mild vasoconstri: 
tion of carotid and cerebral vessels. The 


“Bromural” in Valoctin is, of course, a 


te 
are 
nild 
hes 
1 to 
iblet 
Wes 
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trom 
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sedative and di- 
tension which causes the 
muscle spasm of tension headaches* 

e) Octin ( Bilhuber-Knoll), methyl- 
isooctenylamine, used for a 


well known daytime 
minishes the 


has been 
in the treatment of 
‘cadache when ergot 
64,606 68. It is 
vasoconstrictive as 
but, 


properties, is 


number of years 
vascular he is con- 
traindicated** 42-68 not as 
prepa- 


antispas- 


ergotamine 
rations, because of its 
often adminis- 
tered in vascular headaches ( associated 


with 


modic 


severe gastrointestinal distur- 
its moderate hvy- 


cannot be 


Because of 
effect it 
intravenous!y or 


bances 
given 
hy- 
' sole 
major contraindication to the use of 
Octin. Since 


seem to have an 


pertensive 


used in cases of 


pertension. ifypertension is the 
tension headaches 
associated throbbing 
“contamination,” it is often 
to try this relatively harmless 


many 


vascular 
desirable 
moderate vasoconstrictor before resort- 
ing to the more powerful, more effec- 
tive, and more side-effect-producing 
ergotamine preparations. For this pur- 
pose one tablet of Octin Mucate (2 gr. ) 
mav be orally every 30 
four tablets, until re- 
lief is obtained. If Octin Mucate 
eflective, 1 ml. (1% gr. ) 


chloride 


administered 
minutes, up to 
is not 
of Octin hydro- 
injected 


mav be intramus- 


cularly. 

f) Reserpine. Almost any of the pro- 
prietary brands of reserpine, in oral 
doses of 0.25 to 0.75 mg. daily may at 
times reduce or abolish tension head- 
iches. This is because of its well- 
stablished tranquilizing effect on 
inxiety and tension states. However, 
me should be aware of the fact that 


lepre ssion may result from the use of 
individuals. 
In addition, one should not expect an 
mmediate reduction in with 
ral reserpine as several days are usu- 
lly required for maximum ther: apeutic 
fect. Parenteral reserpine is ordi- 
irily not considered indicated in the 


this drug in susceptible 


tension 


NEUROLOGY AND PSYCHIATRY 109 


therapy of the uncomplicated cases of 


tension headache which 


one sees in 
office 
g) Thorazine (Smith, Kline &, 


French ), hydrochlo- 
Oral may reduce or 
abolish tension headaches within a few 
days following its initial administration. 
It is administered to adults initially in 
10 mg. atter each meal, in 
mild to moderate tension states, 
gradually 


chlorpre ymazine 


ride. Thorazine 


a dose of 
and is 
to a ee of 100 
mg. daily over a period o a week « 

nail jaundice are the most 
possible side effects. It is well not to 
use parenteral Thorazine in the ther- 
apy of outpatients suffering from un- 
complicated mild to moderate tension 
headaches because of the possible hy- 
potensive effect 
venience of frequent 

h) Ergotamine Preparations. Although 
ergotamine prepar ations are primarily 
indicated in 


increased 


distressing 


as well as the incon- 


‘pure’ vascular headaches 
such as migraine” 


in those 


they are also useful 
“impure” combinations — of 
muscle spasm and vascular headaches 
which are not completely responsive 
to the usual therapy for tension head- 
the use 
ergotamine prepara- 
peripheral — vascular 
heart disease, hyper- 
impaired hepatic 
pregnancy, sepsis, toxemia, 
malnutrition! They 
should be tried in the following order 
until the most simply and conveniently 


Contraindications to 
of any of the 
tions 


ac ‘he s. 


include 
Ccisease, Coronary 
tension, renal or 
function, 


and 


administered preparation has been 
found to be effective: 
(1) Cafergot tablets (Sandoz), each 


containing 1.0 mg. of ergotamine tar- 
trate and 100 mg. of caffeine. The pa- 
tient is instructed to take two tablets 
orally at the onset of an attack. If nec- 
essary, one additional tablet may be 
taken every 30 minutes to a maximum 
total of six tablets in any one day** 
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The 


Cafergot-PB suppositories (San 
doz), containing 2.0 mg. of ergotamine 
tartrate, 100 mg. 
of Bellafoline, and 60 mg. of pento- 


of caffeine, 0.25 mg. 


barbital sodium. One suppository may 


be administered at the onset of the 
attack and a second one after one hour 
it necessary. The usual precautions 


the sustained use of barbitu- 


rates should be realized and observed 


against 


when prescribing this excellent sup- 
pository. The Bellafoline in each sup- 


anticholinergic anti- 


in 
3) Dihydroergotamine (Sandoz) 
also known as D.H.E.-45. It is dihvdro- 


ergotamine methanesulfonate, a crystal- 


pository 1S 


emetic 


line alkaloid produced by hydrogena- 
D.H.E.+45 is 
likely to produce nausea and other side 
effects than the 
trate 
relieve 


tion of ergotamine. less 
older ergotamine tar- 
Gynergen 
the 


ponent ot 


and will generally 


throbbing vascular com- 
a combined migraine and 
checking the 
cranial vasodilatation involved. One 
milliliter of D.H.E.-45 (1 ml. equals 


L.0 meg is 


tension headache by 


intramuscu- 
larly shortly after the first warning of 
relief 
of the throbbing vascular component 


administered 


migraine-tension headache. If 
of the headache is incomplete after an 


hour the same dose may be re- 


i6.64 


peated 


Parenteral ergotamine preparations 


should not normally be utilized more 
than twice weekly as there is increas- 
ing evidence that more frequent use 
may result in an increased frequency 
ot headaches, possibly due to the fact 
that “Ergotamine may sensitize cranial 
arteries and increase their susceptibil- 
ity to stimuli which would produce 
vasodilatation. These possibilities may 
be independent of tolerance and addic- 
tion o1 y be part of such phe- 
Then, too, their discontinu- 


may 
nomena 
ance may be followed by daily “with- 
drawal” type headaches for a week or 
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more®:=" In addition, the 
symptoms of ergotism may accompany 
their over-use: coronary spasm due to 
the constrictor effect on coronary ves- 
sels; muscular cramps in neck and ex- 
tremities; numbness, cyanosis, and par- 
esthesias of the 
General Considerations. 1. In the di- 
agnosis of tension headache the taking 
of a thorough and detailed history is 
of first importance. However, a com- 
plete general physical and neurologi- 
cal examination not only increases the 
diagnostic accuracy but also helps to 
instill confidence in the physician. The 
following studies may be done as indi 
cated: Complete blood count, urinaly- 
sis, biood serology, visual fields, special 
the nose 
and throat, roentgenograms of the head 


examinations of eves, ears, 
and cervical spine, spinal fluid exam 


ination, basal metabolism, electro 


encephalogram, and pneumoencephalo 
gram!0.82,64 

2. Tension headache has a more spe- 
cific etiology than migraine but is not 
as prec isely defined clinically or physi 
ologically**. The manifestations of mi- 
graine have been fairly well systema 
tized since the time of Galen! 

3. The role of tension is significant 
in the vast majority of headaches, re- 
the head 
ache or if it merely precipitates or en- 


gardless if it alone causes 
hances an actual specific type of mi- 


graine, histaminic, hypertensive, o1 


other type of 

1. Tension headaches may not only 
occur in combination with migraine but 
also with such conditions as hyperten- 
sion and arthritis of the neck’. 

5. The vast aggregation of chronic 
headaches are, in practice, very difh- 
cult to separate into specific single 
types*. 

6. The character of a headache is us 
ually helpful but is often misleading 
wealth of 


phor and by a lavish use of superla 


Pain described in a meta 


=i 
— 
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u tives is not necessarily psychogenic but — prophylactic measure than pharma 
\ may well be organic in origin. Vertigo —cotherapy*! 
O may be a premonitory sign of a mi- 12. The number of therapeutic agents 
: graine headache, but it may also be recommended for the treatment of ten- 
associated with headaches due to head sion headache indicates the unsatis- 
trauma, brain tumer, or emotional factory status of aug therapy alone 
tension for this 
| 7. Sustained muscle contraction in 13. Almost equi ally good results in the 
g the neck and scalp are not always psy- treatment of tension headaches have 
is chogenic in origin, as local ce rvical pa- been obtained by the use of placebos 
thology or even generalized infections as by the use of more “specific” medi- 
i may be the underlying factor™. 
e 8S. Recent reports tend to minimize 14. Narcotics and __ barbiturates 
0 the association of headache with eye should not ordinarily be used for the 
1e strain, constipation, and chronic sinus- treatment of tension he ~adaches because 
itis? of the grave danger of addiction*?**. 
\ Y. Medication for the symptomatic 15. If one overlooks or fails to treat 
al relief of headache should not ordi- the psychological conflicts in chronic 
se narily be prescribed without concomi- headaches of psychogenic origin, he 
Te tantly helping the patient to modify runs the risk of therapeutic failure*’ 
n the conditions of overwork, fatigue, 16. Personality studies can be very 
O ind other strains that have caused the helpful in the study of a patient with 
O tension headache to develop’. headache. However, it does not nec- 
10. The treatment of choice in ten-.. essarily follow that the personality 
C sion headache is a combination of psy- problems discovered are the sole or 
ot chotherapy and drug therapy*’. even predominant cause of a particular 
Si 11. Psychotherapy is a more eftective headache** 
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INFORMAL SEMINAR ON AUTONOMIC GANGLIA 


Foundations for Ganglionic Block- 
ing Agents. SypNEY Exits, Pu.D. ( De- 
partment ot Pharmacology, Temple 
University School of Medicine). The 
concept “of chemical blockade of 
synapses, including those in autonomic 
ganglia, was introduced by Langley 
(1889) with his classic use of nicotine. 
Nicotine still maintains its position as 
a useful experimental tool, but only 
for laboratory use. Selective ganglionic 
blockade was accomplished when 
Burn and Dale (1915) discovered that 
the tetraethvlammonium ion (TEA), 
which elicited no nicotine-like stimu- 
lating action at autonomic ganglia, an- 
tagonized the ganglionic stimulating 
action of the  tetramethylammonium 
ion. This important discovery lay rela- 
tively dormant until interest was 
aroused in TEA because of its vera- 
trine-like effect) on nerve and its car- 
diovascular effects in anesthetized 
inimals which resembled the Bezold- 
Jarisch reflex response of the veratrum 
alkaloids. In detailed investigations 
Acheson and Moe (1945, 1946) estab- 
lished the site and mode of action of 
at ganglia. Clinical applications 
were found in spite of several practical 
leficiencies of TEA. With the introduc- 
tion of hexamethonium (Paton, Ing) 
more potent, longer-lasting thera- 
peutic agent with some oral activity 
vas available. Hexamethonium remains 
the prototype for most of the newer 

anglionic blocking agents, but the 

earch continues for agents with good 
inisieaii when taken by mouth and 


with dependable action of long dura- 
tion. It is a moot question whether 
there can be found agents of this type 
which will produce only selective, de- 
sirable effects without the additional 
undesirable effects which seem inher- 
ent in agents which suppress ganglionic 
transmission. 

Functional Organization of the Pe- 
ripheral Sympathetic System. JouN 
DempesHer, M.D. and Witrtam K. 
Riker, M.D. (Department of Pharma- 
cology, University of Pennsylvania 
School of Medicine). A major function 
of the peripheral sympathetic system 
is to integrate a variety of actions 
which go on simultaneously. Anatomi- 
cally, the peripheral sympathetic sys- 
tem is organized for such integrative 
action at the level of the peripheral 
ganglia. The most likeiy site is at 
terminal portions of the presynaptic 
nerve. Studies have revealed that one 
presynaptic neuron can terminate, by 
virtue of its many endings, upon as 
many as thirty postsynaptic neurons. 
Furthermore, one postsynaptic neuron 
receives endings from more than one 
presynaptic neuron. In _ addition, 
some histologists have described con- 
nections between postsyni uptic neu- 
rons. Thus, anatomically, there are 
two possibilities for spread or integra- 
tion among the neurons in the ganglia. 

The use of electrical instruments for 
functional studies reveals that the inte- 
gration is not at the postsynaptic level. 
For example, the responses, obtained 
trom one postsynaptic nerve of the su- 
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perior cervical ganglion while stimu 


lating another postsynaptic nerve, are 
abolished by removing the influence of 
the presynaptic nerve terminations. 
either by the 


calcium from the 


This is done removal 

environment, or by 
section of the ; 
Thus the 


presym iptic 


chronic preganglionic 
integration is at the 


Additional evidence 


nerve 
level. 
tor this is as follows: superior cervical 
ganglia rendered hyperexcitable by a 
virus have spontaneous bursts of im- 
pulses discharged over both nerves only 
when the presynaptic nerve termina- 
intact. 


‘| he role ot 


tions are 
acetylcholine in the inte- 
examined in 
ganglia. The 
made 


Cration at synapses Was 
the virus-intected 


pretation 


inter- 


was more simple by 


examining ganglia in which the post- 
synaptic neurons were rendered com- 
ple tely inexcitable. Thus one virtu- 


ally had 
ot a presynaptic axon with its terminal 
filaments 


preparation consisting only 


Acetvicholine applied to such 


preparation increased the presyn- 


aptic spontaneous activity as did ap- 


plied eserine Applie curare de ‘presse 


the activity. Thus, since applied ac ty]- 


choline and eserine increase the spon- 


taneous activity, and curare depressed 


the activity originating in the presyn- 


aptic terminations, the suggestion is 
made that acetylcholine may play a 
role in the spread or integr: ition ot 


impulses in sympathetic ganglia. 

The Phar macology of Autonomic Gan- 
glionic Blockade. ALBERT J. PLUMMER, 
Pu.D., M.D., (Research Depart- 
ment, Ciba Products, 
Inc., Summit, 


Pharmaceutical 


New Jersey ). Autonomic 


ganglia consist of groupings of pre- 


ganglionic neurons whose axons are in 


close contiguity across a synapse with 


the dendrites of postganglionic neu- 


rons. Ganglia may be considered as 


switch points or relay centers at which 
efferent nerve impulses are distributed 


and transferred over multiple post- 
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ganglionic pathwi ivs on their pe riphe ral 
Despite marked anatomic dif 
between the 


Course, 
ganglia of the 
sympathetic and parasympathetic divi- 


sions, it appears that there is a com- 


ferences 


mon mechanism of impulse transmis 
sion across the synapses which is due to 
the depolarizing action of acetylcholine 
liberated 


minations. 


at preganglionic nerve ter 


therefore, 
blocking agents which impede the pis- 
through 
ganglia affect both divisions. 


In general, ganglionic 


sage ol impulses autonomic 


These sub 


stances may be classified on the basis 
of mechanism and specificity of effect. 
One group ot compounds, typified by 
tetraethvlammonium and hexametho- 
nium chloride appears competitively to 
with the 


of acetylcholine on the postganglionic 


interfere depolarizing effect 


neuron by virtue of close chemical 
similarity to this ganglionic 


A second tvpe of blockade 


is produced by nicotine which directly 


structural 
mediator. 


depolarizes the postganglionic neurons, 


thus causing initially a ganglionic 


stimulation which is ultimately trans- 
formed to depression and blockade be 
cause of depolarization. Still 
a third mode of ganglionic inhibition 
is exemplified ‘e the cholinesterase in- 
hibitors permit the 


acetylcholine within the 


which accumula- 


tion of ganglia, 
about a 


polarization of the 


thus bringing persistent de- 


Finally, 


substances 


ganglion. 


a miscellaneous group of 


including anticholinergic, antihista- 


minic, local anesthetic and hypnotic 


agents interfere with ganglionic trans- 


mission. The primary pharmacological 


actions of these substances are prima 
facie evidence of their lack of specific 
ganglionic effect. 

The designation “ganglionic block- 


ing agent’ is 
include only those compounds of the 
first group which compete with acetyl- 


choline: this group has a high specific ity 


generally understood to 


= 


1) 
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of effect, as the action of acetylcholine 
at other than ganglionic sites is not 
hindered. 

The primary result of specific block- 
ade is a reduction in autonomic tone 
to the smooth muscle of the blood ves- 
sels and viscera, to the heart, and to 
the secretory glands supplied by this 
system. Major interest has been directed 
toward the hypotensive action result- 
ing from decreased sympathetic vaso- 
constrictor tone. 

\ discussion of factors influencing 
potency, duration of action, oral effec- 
tiveness and general pharmacological 
characteristics will be based primarily 
upon a comparison of the hexametho- 
nium chlorisondamine chloride 
series of blocking agents. 


Pharmacology and _ Physiological 
Disposition of 3-methylaminoisocam- 
phane (Mecamylamine ): A Secondary 
Amine Ganglionic Blocking Agent. 
Crement A. Stone, Pu.D., Joun E. 
Barer, Pu.D., EuGENE |. Zawoiskt, M.A., 
and Kart H. Beyer, M.D. (The Merck 
Institute for Therapeutic Research, 
West Point, Pa.) The ganglionic block- 
ing activity of 3-methylamincisocam- 
phane (mecamylamine, Inversine) was 
revealed by a capacity to inhibit the 
vascular responses to peripheral vagal 
stimulation, carotid occlusion and_in- 
jected nicotine in the dog in intra- 
venous doses of 0.1 mg./kg. or greater. 
In addition, contractions of the nictitat- 
ing membrane, elicited by pregangli- 
Onic nerve stimulation in cats, also were 
inhibited. Since epinephrine or acetyl- 
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choline vascular effects in the dog, or 
epinephrine-induced membrane con- 
tractions in cats, were not blocked, 


ganglionic blocking effect indi- 


cated. In terms of potency, mec: amyl- 
amine was equii active with pe ntolinium 

1 blocking nicotine pressor responses 
ne cats and some two to four times 
more active than hexamethonium, but 
the effects of mecamylamine endured 
three to five times longer than either. 
That the compound was well absorbed 
after oral administration was reflected 
in the small ratio between oral to intra- 
venous equiactive doses in dilating the 
pupils of mice, as compared to similar 
ratios obtained with quaternary am- 
monium blocking agents. The ratios of 
these latter agents were ten to twenty 
times larger than the corresponding 
ratio for mecamylamine and indicated 
that the secondary amine was much 
better absorbed. Renal clearance of 
mecamylamine in the dog exceeded 
that of creatinine whenever the urine 
was acid and was less than creatinine 
when the urine was alkaline. The clear- 
ance of mecamylamine was increased 
by the administration of ammonium 
chloride, or de ‘pressed by sodium bicar- 
bonate or acetazoleamide. The com- 
pound was found to be concentrated 
in the gastric juice of Heidenhain- 
pouch dog 20 to 40 times the concen- 
tration in plasma whenever the gastric 
secretion was highly acid, as after the 
choline or sodium acetate. This latter 
fect, by a cyclization process, may 
contribute to the demonstrated long 
duration of action of mecamylamine. 
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BOOK REVIEWS 


ENDOTHELIUM Its DEVELOPMENT 
PHOLOGY, FUNCTION, AND PATHOLOGY. By 
Rut I ALTSCHUI Protessor ot 
Histology, University of Saskatchewan. Pp 
157: 9 ills. New York: The Macmillan Com 

\ 1954. Price, $3.50. 
[HERI S been a considerable tendency 
r nt vears t focus interest on general 
etal I ses in connection with the 


etiology of egenerative vascular diseas« This 


rOcuUS nowevel has not detracted trom the 
strong possibility that injury of the vas 
ular endothelium may be a very important 
tor. Tl lothelium is the chief element 
of any id in those conveying blood is 
er almost constant mechanical and fun 
tional stress, yet is not readily replaced. Un 
ike epit elium, this vascular lining innot 
respond with pt liferation to pressure stresses 
without terfering with its function of nu 
tritive exchange The wonder is, as Dr. Alt 
haul points out that atherosclerosis is not 
10re Common 
ie sent volume brings together In a 
larly nner all information pertaining to 
lothel wailable to the author from 
100 domesti ind foreign sources, and an 
ittempt has been made by him to correlate 
this as wel is can be done in the present 
state of knowledge. [ nhappily the reader will 
ipidly be 1 ware of the great need for 
nuch re estigation in this Important field 
before many of the most fundamental ques- 
trons n be nswered. The author has done a 
great service, however, in setting down the 
presently known material, and the volume 
should | f value to investigators in the field 
lisease Bi 
NRUHI ANC ANGST By Dr Poul 
ByeRRE. Pp. 148. Munich: J. F. Lehmanns 


Verlag 1955 Price, DM RY 
Dr. Brerre, the well known Swedish Psy 
chotherapist 


has developed what he consid 


ers his own philosophy of psychoth rapy 
However, this is 


rs little ot 


many of his preceding 
interest to the method 


books. 


ically trained medical psychotherapist Some 
of his stories are dramatic but they are not 
in the medical sense case histories nor is 
there worthwhile contribution to the prob- 


lem which the author states on page ll: 


116 


AND NOTICES 


The 
with the development 

One will not disagree in this post-F're udian 
age that the 
fronted with 


connect d 


development of neuroses 1s 


f character 


treatment ot neuroses iw con 


resistances stemming trom the 


past; there is no quarrel either with the state 
ment: The physician must he Ip nature's own 
curative tendencies. Over be vond this 
there is not much the American physician 
could derive from the book W. | 
ADVANCES IN INTERNAL MEDICINE, VOLUME 
VII. 1955. Edited by Wruwiam Dock, M.D 
snp I. SNAPPER, M.D. Pp. 311; 27 ills.; 11 
plates Chicago The Ye Book Publishers 
Inc.. 1955 Price $8.50 


As has been true wit! st volumes in this 
the have 


which are timely in the 


elected » series of 
that 


mace and In which 


series, editors 


topl 
definite progress has beet 


there is need to bring together in a concise 
form the present statu of knowledgs The 
subjects discussed iré Pathogenesis and 
l'reatment of Renal Lithiasis A. J. Butt 

Hepatic Coma (C. S. Davidson The Patho 


physiology of the Pancreas (D. A. Dreiling 
and H. D. Janowitz), Clinical Significance of 
Serum Mucoproteins (E. M 
vances in Physiology of Clinical Disorders of 
Lise 


Greenspan Ad 


the Adrenal Cortex | Jailer 
of the Pericardium (V. A. McKusick and A 
McG. Harvey), The Nephroti Syndrome | 


B. Squire ~ and Applied Pulmonary Physiology 


D. |. Stone Simply reading these titles 
was enough to stimulate the reviewer's intel 
lectual digestive juices and he found that 


the partaking of the meat in each was every 


hit as satisfying and worthwhile as had been 


anti ipated It is a volume highly to be re 

ommended to all physicians rT. D 

CarDIAC DIAGNOSIS PHYSIOLOGK Ap 
PROACH. By Roserr | RusHMER, M.D 
Associate Professor of Physiology and Bio 


physics, University ot Washington Medical 


School Pp 147: 239 ills Philadelphia W 
B. Saunders Co., 1955. Price, $11.50 
Tus book emphasize s the mechanisms 


described in terms of physical and physiologi: 


pro 


principles, by which diseas« 
duce various signs and symptoms. The book 


proe esses 


bridges the hiatus between pure physiology 


ind anatomy) on the one hand and clinical 
iology relying much characteristic 
empirical patterns of signs and symptoms, on 
the other hand. The first part discusses the 
unctional anatomy of cardiac contractions, 
the functional characteristics of the systemic 
nd pulmonary circulation, and the circulatory 
response t irising. The second part deals 
prin iple s of pe ripheral vascular con 
regulation of cardiac output, and with 
factors that determine stroke volume 
part 1s devoted to cardiac reserve 
e etiology of congestive heart failure 
Part IV deals with methods of cardiac diag- 
! rement of pressure, size and con 
ration of the heart, estimation of cardiac 
utput clectrocardiographic interpreta 
1] plication of fundamental concepts 
methods to clinical problems 
mnistitute Part \ presenting several cate- 
rt disease myocardial ischemia, 
ivular disease congenital heart 
( ! possibli heart disease. The illus- 


tration re excellent and didactic and the 


er them independent of the text 
references refer chiefly to more recent 
ind provide a point of departure 


r is not dogmatic and it is re- 
ee him direct attention to defi- 
urrent knowledge. The book is 
nded H. R 


NEW BOOKS 
jchotherapy and Counseling. By L. K 
RANK, May 46 OTHER RE- 
SEARCHERS. Edited by Roy WaLpo MINER 
Ann. New York Acad. Sci., 63, Art. 3 
pp 319-432. New York: New York 
Academy of Sciences, 1955. Price, $3.50 


ection of short statements from 
presentative of various disciplines who met 
it conference to share ideas. The purpose of 
conferen was to describe the current com 
aT cepted practice by which each of 
I ions seek to meet those human 
nec that can be helped by psychotherapy and 
counseli however designated, and to decide 
the particular training now being provided 
These disciplines met in commissions and 
consensus trom each commission 
ippears as a statement by the chairman. Repre- 
‘ edicine, psychology, social work, 
counseling and guidance and the ministry. There 
me discussion added to supplement some 
commissions’ statements 


Lawrence K. Frank emphasises in a summary 


that each group considered itself operating as 
i responsible social agent to make operational 
the cherished belief in the worth of individual 


personalit Each group accepted the fact that 
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further training and clinical experience was 
ed beyond obtaining a degree. He stresses a 
need for unlearning certain things as well 
learning others He urges the 


need- 


as 
need for being 
multidimensional in thinking and urges all pro- 


fessions to become increasingly concerned with 
human personality in all its dimensions 
O. E. 


Polycythemia. By JouNnN H. LAwnence, M.D., 
1).Sc., Director, Donner Laboratory, and 
Professor of Medical Physics, University 
of California. Pp. 136; 38. ills., and 1 
color plate. New York: Grune & Stratton, 
Inc., 1955. Price, $5.50. 

rnis splendid monograph is based on more 
than 20 years of experience which the distinguish- 
ed author has had with polycythemia. Based 
studies dealing with 303 patients, Lawrence has 


considered primary and secondary forms of the 
disorder, as well as relative 


polycythemia, from 
the clinical, laboratory, and therapeutic 
points 


stand- 


Anyone interested in reading 
wuthoritative account of polyeythemia and _ its 
management will find it in_ this 


a comprehensive, 


small volume 


C. Z. 


Transactions of the 14th Confe rence on the 
Chemotherapy of Tuberculosis: Veterans 
Administration: Army: Navy. Pp. 556; 
illustrated. Washington: Veterans Admin- 
istration, 1955 


Tnis volume consists of some 59 papers on 
various aspects of tuberculosis which were pre- 
sented at the meeting held in Atlanta, Georgia, 
on February 7 through 10, 1955. In addition 
to the original papers, there are included ar- 
ticles read by title as well as many comments 
and other pertinent discussions on the material 
presented. Although the reports are often frag- 
mentary, the transactions will be of interest to 
workers in the field of tuberculosis for whom 
the volume is primarily intended Cc. Z 


Varicose Veins. By R. Rowpven Foore. Pp. 
110; 29 ills. Chicago: Henry Regnery Co., 
1955. Price, $2.25 

THis small volume is one of the Modern 
Health Series. It is designed to acquaint the 
general public, and particularly that large seg- 
ment suffering from varicose veins, with author- 
itative information on this disorder. The languags 
is simple and the necessary medical terminology 
employed is explained in a brief glossary. The 
illustrations and figures are well chosen. Physi- 
cians may profitably recommend this book to 
their patients with venous disease of the ex- 


tremities N. L. 


The Year Book of Medicine (1955-1956 
Series). Edited by Paut B. BeEson, M.D., 
Cart MuscHennem, M.D., B. 
CastLe, M.D. Tinstey R. Harrison, 
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M.D., FRANZ | INGELFINGER, M.D.. AND more hypnotic inductior th wuithor fee he can 
Puitre K. Bonpy, M.D. Pp. (il; 12) ills get successful results in breaking up the effects 
‘hi, of anxiety provoked in tl mind of the patient 
Chicago Year Book Publishers, Iné., 1955 12 brief 
Price 56.00 case histories to show his procedure and results 
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Year Books covers articles published in journals from hysteria to There is list of 
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iveniently presented in this small 
Gs Academy of Sciences, 1955. Price, $5.00 
[nis publication contai the papers presented 
it the conference on the Biology of Poliomyelitis 
Hy} not Suggestion By S ] VaN PELT, held in New York in January, 1955. The paper 
\I.B.. B.S. Pp. 95. New York: Philosophi ire grouped five ectil l Poliomvelitis 
I Virus and Methods for Its Study, 2 Suscepti 
cal | ibr iry 1956 Price. $9 io 
Tuis is a small book giving the theory and 3) Poliomvelitis Virus Variation Hy Poliomve 
techniq f hypnosis in an abbreviated but suf litis and the Communit ind 5 I nunization 
ficiently useful form of 95 pages including index igainst Poliomyelitis r collection f paper 
Th uithor additionally discusses psychoneurosis is extremely valuable f th per interested 
egarding the is being in the nature of a in the virus of poliomyelit ind its epidemiology 
ggestion By a serie of six or W. N 
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